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EXECUTIVE SUMMARY

The U.S. Department of Energy (DOE) is collaborating with the Electric Power
Research Institute (EPRI), the U.S. Environmental Protection Agency (EPA), and the
Utility Air Regulatory Group (UARG) to develop a more complete data base for the
emissions of hazardous air pollutants (HAPs or air toxics) from utility boilers. The
DOE is also supporting the development and commercialization of a wide variety of
power plant-related technologies under its Innovative Clean Coal Technology (CCT II)
program. One of the CCT II technologies is Babcock & Wilcox’s SOx-NOx-Rox
(SNRB™) process. SNRB™ is a multiple pollutant emission control process which
incorporates dry sorbent injection for SO, capture, selective catalytic reduction for NOy
reduction, and high-temperature fabric filtration for particulate matter control.

The objectives of the SNRB™ Air Toxics Monitoring Project were twofold: (1) to
provide data on SNRB™ air toxics emissions control performance; and (2) to add to the
DOE/EPRI/EPA/UARG data base of air toxic emissions from utility boilers. Funding
for the project was provided by DOE, EPRI, Ohio Edison, and the Ohio Coal
Development Office within the Ohio Department of Development,

The project involved measurement of a variety of toxic chemicals in solid and gaseous
samples from input, output, and process streams of the SNRB™ process in a 5§ MWe
demonstration facility. The SNRB™ demonstration facility is located at Ohio Edison’s
R.E. Burger Plant near Shadyside, OH. Emissions from Boiler #8 at the Burger plant
were also evaluated. Boiler #8 is a 160-MWe, pre-NSPS (new source performance
standards), pulverized coal, wall-fired boiler. A Buell electrostatic precipitator (ESP) is
installed for pollution control.

Sampling was conducted at the Burger plant from April 26 to May 2, 1993. A blend of
medium sulfur, bituminous Ohio coals from a single supplier was fired during the
sampling period. Ohio Edison provided reproducible conditions for sampling by
maintaining Boiler #8 at full load and steady operating conditions. Samples were
collected from the following process streams:

Coal Feed SNRB™ Inlet
Sorbent Feed Baghouse Inlet
SNRB™ Solids SNRB™ OQutlet
Bottom Ash Economizer Ash
ESP Inlet ESP Ash

ESP Outlet

Samples were analyzed for the following air toxics:
Trace Elements Chloride/Fluoride
Carbonyis Polynuclear Aromatic Hydrocarbons (PAH)

Dioxins/Furans  Volatile Organic Compounds
Radionuclides
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Particulate loading was also measured. The resulting data were used to determine
emission factors, removal efficiencies for the ESP and SNRB™, and material balances
for trace elements across the boiler, ESP, and SNRB™.

A summary of key data for the ESP and SNRB™ is provided in Tables 1 and 2, respec-
tively. Included in these tables is the outlet concentrations, or emission factors,
removal efficiencies, and material balance closures achieved for particulate matter,
trace elements, chloride, and fluoride. As shown, the reported removal efficiency for
the ESP was greater than 99 percent for all compounds except mercury, manganese,
selenium, chloride, and fluoride. For the SNRB™, greater than 99 percent removal
efficiency was achieved for all compounds except mercury, cadmium, nickel, and
antimony. The high material balance closures for the ESP are thought to be the result
of a lIow bias in the measurement of particulate-phase metals for the boiler outlet (ESP
inlet). This bias also affected material balance closures for the boiler which were
generally less than 100 percent. The cause of this low bias is suspected to be less than
ideal sampling conditions.

Organic air toxics, including volatile organic compounds, PAH, dioxins/furans, and
carbonyls were analyzed in gaseous emission streams only. For volatile organic
compounds, ESP and SNRB™ emissions were generally in the range of 1 to 20 Ib/10'
BTU. Of the 26 volatile organic compounds for which results are reported, only 12
were detected in ESP and SNRB™ emissions, ESP and SNRB™ emissions factors for
PAH were generally in the range of 0.002 to 0.1 1b/10'2 BTU. Dioxins/furans were
detected in SNRB™ and ESP emissions in the concentration range of approximately
0.000002 to 0.00001 1b/10'> BTU. The isomer 2,3,7,8-tetrachlorinated dibenzofuran
was detected in most of the gascous process streams. Carbonyl emissions were not
detected in any of the gaseous process streams. A high particulate loading in gas
samples collected with an EPA Method 23 train for PAH and dioxin/furan analysis
appeared to interfere with efficient sample extraction. Consequently, PAH and
dioxin/furan spike recoveries for samples with high particulate loading were lower than
expected. Analysis of carbonyls in gas samples collected with a Method Q011 train
may have been affected by the use of incompatible solvents for sample collection and
recovery. However, additional analyses conducted to evaluate the separate solvents did
not confirm this problem. No other significant deviations or adverse quality assurance/
quality control results were noted for either sampling or analysis activities.
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TABLE 1. SUMMARY OF KEY DATA FOR ESP

Qutlet Removal Material

Concentration  Efficiency Balance Closure®
Substance (1b/10'2 BTU) (%) (%)
Particulate Matter 0.045® 99,29 NC®
Mercury 8.77 -27 165
Chromium 0.91 99.67 122
Cadmium 6.6#9 100 108
Nickel 7.9% 99.94 116
Barium 5.4#% 00.83 200
Cobalt 7.94 100 100
Manganese 10.25 95.05 123
Vanadium 3.4# 00.82 126
Beryllium 6.6# 100 113
Arsenic 2.93 98.98 316
Lead 0.094 99.95 136
Antimony 0.08 99.09 153
Selenium 30 74.43 98
Chloride 32,334 -5.5 NC
Fluoride 5,488 -28 NC

Data screened for outliers.

Results in 1b/10° BTU.

NC = Not calculated.

# indicates average emission factor calculated from one or more non-detect values.
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TABLE 2. SUMMARY OF KEY DATA FOR SNRB™

Qutlet Removal Material

Concentration  Efficiency Balance Closure®
Substance @b/10'2 BTU) (%) (%)
Particulate Matter 0.027® 99.57 NC®
Mercury 12.5 -78 155
Chromium 7.6#(d) 98.4 101
Cadmium 3.0¢ 66.2 34
Nickel 344 75.1 84
Barium 5.1# 99.98 19
Cobalt 6.9# 97.5 106
Manganese 3.0# 99.77 104
Vanadium 8.1# 100 121
Beryllium 7.6# 100 73
Arsenic 1.2 99.53 556
Lead 0.51# 99.51 77
Antimony 0.78 89.8 66
Selenium 0.10# 100 138
Chloride 470 99.99 NC
Fluoride 37# 99.14 NC

Data screened for outliers.

Results in 1b/10° BTU.

NC = Not calculated.

# indicates average emission factor calculated from one or more non-detect values.
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I. INTRODUCTION

A. Rationale for the Project

The U.S. Department of Energy (DOE) is collaborating with the Electric
Power Research Institute (EPRI), the U.S. Environmental Protection Agency (EPA), and the
Utility Air Regulatory Group (UARG) to develop a more complete data base for the
emissions of hazardous air pollutants (HAPs or air toxics) from utility boilers. The Clean
~ Air Act Amendments of 1990 identified 189 such substances, and charged the EPA with
determining the need for emissions control regulations for each substance. The air toxics
data base will be used by the EPA, in conjunction with the results of studies of the impacts
of these emissions on public health, to promulgate air toxics emissions control regulations, as
required. Development work on the data base is being supported by DOE’s Pittsburgh
Energy Technology Center, Office of Project Management, and by EPRI under its Power
Plant Integrated Systems: Chemical Emissions Study (PISCES) project.



The DOE is also supporting the development and commercialization of a wide
variety of power plant-related technologies under its Clean Coal Technology (CCT II)
Program. These projects are aimed at the environmentally-sound use of coal. As such,
environmental monitoring is an important aspect of each project -- both to demonstrate
compliance with project operating permits (compliance monitoring), and to evaluate the
potential environmental performance and impacts of the subject technology (supplemental
monitoring). In keeping with this philosophy the DOE has issued guidelines for extending
the supplemental environmental monitoring being conducted under some of the clean coal
projects to include the monitoring of air toxics. This is to be accomplished through the
development and implementation of a site-specific air toxics monitoring plan for each

applicable CCT II project.
B jectives of SNRB™ Ai Xi nitorin

Babcock & Wilcox (B&W) is currently conducting a project under the DOE's
CCT U Program to demonstrate its SO,-NO,-Rox Box™ (SNRB™) process in a § MWe Field
Demonstration Unit at Ohio Edison’s R. E. Burger Plant near Shadyside, Ohio. The
objective of the SNRB™ Air Toxics Monitoring Project was to provide data on SNRB™ air
toxics emissions control performance to B&W and to add to the DOE/EPRI/EPA data base
by quantifying the flow rates of selected hazardous substances (or air toxics) in all of the
major input and output streams of the SNRB™ process as well as the power plant. Work
under the project included the collection and analysis of representative samples of all major
input and output streams of the SNRB™ demonstration unit and the power plant, and the
subsequent laboratory analysis of these samples to determine the partitioning of the hazardous
substances between the various process streams. The substances of interest are a subset of
the 189 substances identified in the 1990 Clean Air Act Amendments, and include trace
metal, volatile and semivolatile organic, carbonyl, acid gas, and radionuclide species.
Material balances for selected air toxics were subsequently calculated around the SNRB™ and
host boiler systems, including the removal efficiencies across each of the major air poliution
control devices. A matrix of the process streams that were characterized and the parameters

determined in the SNRB™ Air Toxics Monitoring Project is presented in Table I-1.
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C. Organizations Involved

The overall organization of the SNRB™ Air Toxics Monitoring Project is

illustrated in Figure I-1. The primary organizations involved in conducting this project were:

Babcock and Wilcox (B&W)

Ohio Edison

Battelle

Energy and Environmental Research Corporation (EER)
Frontier Geosciences.

In summary, B&W had overall responsibility for the SNRB™ demonstration
project under DOE’s CCT II Program. B&W was responsible for operating and monitoring
the SNRB™ system. Ohio Edison provided the host site for B&W’s CCT II demonstration
project and was responsible for site preparation activities. Battelle was responsible for the
entire air toxics monitoring project including planning, testing, analyzing, and final
reporting. EER was a major subcontractor to Battelle and had responsibility for collecting
samples, reducing data, and reporting on sampling. Frontier Geosciences conducted an

independent characterization of mercury emissions under the direction of B&W.

D. Description of the R

This report presents results of the SNRB™ Air Toxics Monitoring Project. In
addition to the Introduction, a brief description of the test site, including the Boiler No. 8
and the SNRB™ process, is included in Section II. The concentrations of air toxic emissions
are presented in .Section' III according to compound class. Material balances are included in
Section IV for three major systems: boiler, electrostatic precipitator (ESP), and SNRB™.
Emission factors and removal efficiencies are also presented according to compound class in
Sections V and VI, respectively. A data evaluation is provided in Section VII. This
evaluation describes deviations from planned procedures and operations for the boiler and
SNRB™ process operation, field sampling, and laboratory analyses. The impact of these
deviations on emission data is also discussed. Appendix A provides a separate report on

speciated mercury measurements conducted by Frontier Geosciences.
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BABCOCK & WILCOX

SNRB™ DEMONSTRATION

FRONTIER GEOSCIENCES

MERCURY SPECIATION

OHIO EDISON

HOST SITE

BATTELLE

PRIME CONTRACTOR

EER

SAMPLING
SUBCONTRACTOR

Figure I-1. Organizations Involved in SNRB™ Air Toxics Monitoring Project
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II. SI ESCRIPTION

A. Boiler No. 8

Boiler No. 8 at Ohio Edison’s R. E. Burger Plant located near Shadyside,
Ohio is a 160-MWe, pre-NSPS (new source performance standards), pulverized coal, wall-
fired boiler. The unit had been out-of-service for 3 months preceding the air toxics testing to
repair the turbine shaft. The Buell ESP was installed in 1982, A blend of medium sulfur,
bituminous Ohio coals from a single supplier was fired during the air toxics monitoring
project. Expected operating conditions for Boiler No. 8 and the ESP are presented in Table
II-1. Allowable ranges are also shown. When the values of operating parameters were

within these allowable ranges, the testing was allowed to proceed.

B. SNRB™ Process

The SNRB™ process -- see Figure II-1 -- comprises the injection of both
ammonia and dry sorbent upstream of a fabric filter (baghouse). A catalyst for the selective
catalytic reduction (SCR) of nitrogen oxides (NO,) is mounted inside the filter bags,
providing for the destruction of NO, as the flue gas/ammonia mixture passes over the
catalyst. Sulfur oxides (SO,) are absorbed by the sorbent both in the flue gas duct, and on
the filter bags in the baghouse. Because the SO, and NO, removal processes require
operation at elevated gas temperature (450-900°F), special high-temperature fabric filter bags
are used.

The SNRB™ demonstration facility draws a 5 MWe (equivalent) flue gas slip
stream from Boiler No. 8. The SNRB™ baghouse consists of six individual modules each
containing 42 bag/catalyst assemblies. It is designed to handle about 30,000 ft3/min (actual)

of flue gas. Other major features include:
. A Bailey Network 90 system for integrated process control

. An automated ammonia injection system
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TABLE II-1. BOILER NO. 8 EXPECTED OPERATING CONDITIONS

=

Expected Allowable
Parameter Value Range

Load, MW 150 - 156 135 - 158
Oxygen monitor readings, percent 3.0-5.0 29-53
Steam temperature at superheater outlet, F 1,050 1,000 - 1,060
Steam temperature at reheater outlet, F 1,000 950 - 1,010
Steam pressure, psig 2,050 2,000 - 2,075
Steam generation rate, 1b/hr 1,100,000 0.95 - 1.2 x 108
Stack opacity, percent 5-10 <15
Stack SO, (measured at SNRB™ inlet), 2,100 - 2,500 Actual
pPpm
Stack NO, (measured at SNRB™ inlet), 400 - 500 Actual

ppm
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COMPRESSED CLEAN

HIGH-TEMPERATURE

CERAMIC FILTER BAG
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Figure I-1. SO,-NO,-Rox Box Process Schematic
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. Automated sorbent feed and ash disposal systems
° Five sorbent injection locations (typically operating one at a time)

. A propane-fired heater for accurate control of the
sorbent injection temperature

. Baghouse inlet and outlet flue gas heat exchangers
to simulate the economizer and air heater sections
of a host boiler, respectively.

The expected and allowable operating conditions for the SNRB™ process are
listed in Table II-2,

C. Sampling Locations

Emissions were characterized from the following process streams associated
with Boiler No. 8 and the SNRB™ process:

Sampling Type of
Location Number Process Stream Stream
Location 1 Coal Feed Solid
Location 2 SNRB™ Inlet Gas
Location 3 Sorbent Feed Solid
Location 4* Ammonia Feed Gas
Location § Baghouse Inlet Gas
Location 6 SNRB™ Solids Solid
Location 7 SNRB™ Qutlet Gas
Location 8 Bottom Ash ~ Solid
Location 9 Economizer Ash Solid
Location 10 ESP Inlet Gas
Location 11 ESP Ash Solid
Location 12 ESP Qutlet Gas

* Samples not collecied from this location for laboratory analysis.
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TABLE II-2. SNRB™ EXPECTED OPERATING CONDITIONS

Parameter Expected Value
Modules on line 5
Inlet SO, concentration, ppm 1,950 - 2,550
Inlet NO, concentration, ppm 350 - 500
Sorbent feed rate, 1b/hr 450 - 500
Ammonia injection rate, 1b/hr 7.0-8.0
Ammonia atom,-air injection rate, 1b/hr 200 - 225
Baghouse pressure drop, in. water 10- 14
Outlet SO, concentration, ppm 350 - 1,400
QOutlet NO, concentration, ppm 30 - 250
Outlet duct opacity, percent <10




A schematic diagram illustrating the location of these process streams is provided in
Figure 1I-2. The gas flow rates measured at the flue gas sampling locations during the study

are provided in Table II-3.
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TABLE II-3. FLUE GAS FLOW RATES®

Flow Rate (dscf/min)
SNRB™ Inlet Baghouse Inlet SNRB™ Qutlet  ESP Inlet  ESP Qutlet

Date (Location 2) (Location §)  (Location 7) (Location 10) (Location 12)
4/26/93 7,351® 8,342® 9,809 345,186 377,102®
4/27/93 7,545© 8,200© 9,515@ 341,246© 374,433@
4/29/93 7,852© 8,870© 9,815¢ 346,208 373,892
4/30/93 8,004 9,869® 10,069 341,152 375,306®
5/1/93 7,045 8,753® 12,278@ 331,583@ 373,826W
5/2/93 7,414® 8,770® 9,649 355,630 376,495@

(@) From Method 26A train.

(b) From Method 5 train.

(¢) From Method 29 Multi-Metals train.

(d) Flow rate, velocity, and moisture summaries for all trains are presented in
Appendix F.
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Results from the air toxics characterization are presented in this section

separately for each compound class in the following order:

Particulate Loading

Particulate Size Distribution

Ultimate/Proximate, Loss on Ignition, and Unburned Carbon

Trace Elements

Chloride/Fluoride

Polynuclear Aromatic Hydrocarbons

Dioxins/Furans

Carbonyls

Volatile Organic Compounds

Radionuclides
Where appropriate, results for gaseous emissions are presented separately from results for the
solid process streams within the compound classes. For ease in data presentation in most
cases, samples are identified by a four-digit abbreviation signifying the associated run
number and sampling location (i.e., R2-L7 which signifies the sample collected in Run 2 at
Location 7). A brief comment on any trends in the data and any unusual results is also

provided along with a discussion of how the data were treated.
Li 1

A summary of the sampling schedule completed for the SNRB™ Air Toxics
Monitoring project is presented in Figure III-1. The sampling plan called for collecting three
sets of data with each data set to be collected over a 2-day period. Each 2-day period was
planned to be comprised of a day of inorganic sampling and a day of organic sampling.
Collected gas sample volumes are listed in Table III-1. The standard temperature condition
for determining dry standard cubic foot (dscf) and dry standard cubic meter (dscm) was 0°C
(68°F). '
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B. Particulate Loading

Particulate loading of flue gas emissions, determined from particulate catch
associated with the Method 26A samples (except for Location 5), are presented in Table III-
2. An individual Method S train was run separate from the Method 26A train at Location 5
to determine particulate loading. The particulate loading data were treated as follows:

. Results were not corrected for the train blanks that were generated at
Locations 7 and 12.

. Results were corrected for reagent blanks (probe rinse) in accordance
with Method 5 procedures.

J As flagged, a negative weight was obtained for filters associated with
three of the samples. These filters appeared to have a ragged edge
upon receipt and some tearing may have occurred in the field. The
particulate weight associated with these three filters was set at 0 mg in
calculating the total particulate loading for the sample.

As expected, particulate loading at the iniet locations (Location 2 - SNRB™ Inlet, Location
5 - Baghouse Inlet, and Location 10 - ESP Inlet) is higher than particulate loading at the
outlet locations (Location 7 - SNRB™ Outlet and Location 12 - ESP Qutlet). Results for

triplicate runs at individual locations are consistent within a factor of two.

C. Particulate Size Distribution

Sampling to determine particulate size distribution was conducted at Location 5§
(Baghouse Inlet) and Location 10 (ESP Inlet) with a Mark V five-stage series cyclone, and at
Location 7 (SNRB™ Outlet) and Location 12 (ESP QOutlet) with Andersen cascade impactors.
Triplicate runs were conducted at each location. Results from the particulate size distribution
are presented in Figure III-2 for Location 5; Figure III-3 for Location 7; Figure III-4 for
Location 10; and Figure III-5 for Location 12. Results are also presented in Tables III-3 to
IT1I-14.
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TABLE lli-2. PARTICULATE LOADING**

Gas Total Particulate
Volume Particulate Loading
Location Sample (dscm) Q ({mg/dscm)
Location 2 - R1-L2 2.28 16.4 7180
SNRB Inlet R2-L2 233 18.2 7810
R3-1L.2 208 216 105
Location 5 - R1-LS 2.11 406 19200
Baghouse Inlet | R2-L5 1.76 44 8 25500
R3-L5 319 47 1 148
Location 7 - R1-L.7 2.1 0.0792 38
SNRB Outlet R2-L7 223 0.0613 27|*
R3-L7 2.06 0.0413 20
Blank 2.10 0.0075 4*
Location 10 - R1-L10 1.64 15.9 9680
ESP Inlet R2-L10 1.82 14.8 8150
R3-L10 1.64 15.0 8120
Location 12 - R1-L12 2.96 0.1600 54
ESP Outlet R2-L12 2.98 0.1890 64
R3-L12 2.86 0.1080 3z
Blank 2.90 0.0016 1|*

*Negative weight obtained for filter possibly due to tearing
of filter in field; filter weight assumed to be 0 in adding
acetone rinse and filter particulate caich.

**Results are reported using three significant figures only.
{(QPro Filename: PRESENT2.WB1)

I1-7



S UONEDOT 1B PAINSBSN uonaquusiq dzig sponred “z-iif 2ndig

€661 'T Aew pue 'g¢ ‘22 udy

(wrl) 8215 sjoseq
ool ol L0
" L | I T T A " 1 TS W SR S L i 1 P
\4 .
\.\ N
e \\\“l

- 0l

- 02

- 0
(Zeo=)euny vy

(o= zund m [ L op
(bgo=z)Lunyd o

(%) 92! PojeIS UBY] $S87 SSEW BAlEINWND

0S

J9)u] asnoybeg ‘g uones0T] :uonNquUIsil 9zIS djdIKed

1I1-8



L UONEDOT JE PUNSE3W UOHNQUISIC SZIS djonred “€-1IT iy

(wrl) azig apoiuey
ool ol 10

s 5 1 3 t L N L 1 P

- Z

- G

- 01
\\\¢ - 02

v
-~ \\. .
\\« -~
anwn=""p v T m
.......................................................... “\‘l\!\\\\l\\h'\‘nﬁ.\. L 8
o« Yoo
N
\\\1\\\\ - 08
v .\\l s
(o60= 4 euny vy

- (060=)zuny m || %

(lso=) Luny @ - 86

66

193NO GANS ‘L UOREI0 :uoRNQuU}SIQ 3218 9jo1ed

(%) 21§ poiels uey] SS9 SSBW SAle|InwNY

111-9



01 UONEOOT J& POINSEI UOTINQUISIQ IZIS J[ONIed “p-II[ NSt

oot

(wr) az15 9ped

04

— Ll L L

10

(lgo=Heuy v
(220=MZuny =
(BLo= ) Luny o

- O}

- 0¢

- Ot

- OF

- 0G

19]U] dS3 ‘01 UONEDOT UOHNQUISI] 9IS dJd1Jed

09

(%) 821 paje}g uey) sse7 sse eAuemuino

I-10



T1 UOHED0T JE POINSEIy UOHNQUISI( JZIS AOTIed “S-III 2nT1

(wrl) az15 ajonted
00l 0l 10
1 1 1 | I T T T N 1 3 | I N N R N L 1 —.
- Z
~ - S
-
v TP - 0L
-
v A / | oz
= / o
\\\ \\
anwn=""p [ P ®
.......................................... \\.\\.\.‘\...\I 8
il \\ 0.
a - ° -
Vs v
- * 7/ - 08
v /
/ - 06
/ (ZCso=)cuny v
® - G6
/ (g80=)zuny m
/ (leo=2)1uny e |- 86
L 66

393N dS3 ‘ZI UoNHE0T uoKNqLISIA 9IS 9JoNJed

(%) 9215 poje)S UBY] SSO°] SSEN @ARRINWNY |

I11-11



TABLE IlI-3. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R1-L5

Net Cumulative

d50{a) Woeight Percent <d50

Cyclone No. {um) (g) Total {%)

1 13.5 3.6886 71.8 28.2

I 7.5 0.6836 13.3 14.9

1} 6.3 0.2773 5.4 9.5

v 2.6 0.1934 3.8 5.7

v 1.2 0.0949 1.8 3.9

Filter 0 0.1992 3.9 0
TOTAL 5.1370

{a) d50 is the 50 percent particle cut diameter for

each impactor stage.

TABLE lil-4. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R2-L5

Net Cumulative

d50{a) Weight Percent <d50

Cyclone No. {zm) _lg) Total (%}

1 12.8 6.8015 731 26.9

] 7.0 1.2777 13.7 13.1

m 5.8 0.4007 4.3 8.6

v 23 0.2708 2.9 5.9

\' 1.1 0.2109 2.3 3.7

Filter 0 0.3405 3.7 0
TOTAL 9.3018

{a) d50 is the 50 percent particle cut diameter for

each impactor stage.
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TABLE ilI-6, PARTICLE SIZE DISTRIBUTION SUMMARY FOR R3-L5

Net Cumulative

d50(a) Weight Percent <dbQ

Cyclone No, {um) {g) Total {%)

1 13.86 6.7702 77.6 22.4

Il 7.6 1.0679 12.2 10.2

1] 6.3 0.3233 3.7 6.5

v 2.0 0.2305 2.6 3.9

Y 1.2 0.1878 2.2 1.7

Filter 0 0.1499 1.7 0
TOTAL 9.3018

(al d50 is the 50 percent particle cut diameter for
each impactor stage.

TABLE 1iI-6. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R1-L7

Net Cumuiative

d50(al Weight Percent <db0

Stage No. {um) {mg) Total (%]}

0 14 51.856 27.3 72.7

1 B.80 16.1300 8.5 64.2

2 6.00 1.4100 Q.7 63.5

3 4,20 0.0000 ¢.0 63.5

4 2.55 20.2250 10.6 52.9

5 1.30 1.6800 0.9 52.0

6 0.80 2.6450 1.4 50.6

7 0.54 6.4100 3.4 47.2

Backup Filter 4] 89.9250 47.2 Q
TOTAL 190.38

{a) d50 is the 50 percent particle cut diameter for
each impactor stage.
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TABLE 1l-7. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R2-L7

Net Cumulative

d50{a) Weight Percent <dh0

Stage No. {um) (mg) Total {%)

0 14.7 0.69 5.0 95.0

1 9.00 0.9800 7.1 87.9

2 6.30 1.6400 5.0 76.0

3 4.10 2.4100 17.4 58.6

4 2.70 1.1200 8.1 50.5

5 1.40 0.0000 0.0 50.5

6 0.85 0.9700 7.0 43.5

7 0.58 2.4100 17.4 26.0

Backup Filter 0 3.6000 26.0 0
TOTAL 13.82

{a) d50 is the 50 percent particie cut diameter for

each impactor stage.

TABLE {11-8. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R3-L7

Net Cumulative

d50(a) Weight Percent <db0

Stage No. {um}) {mg) Total {%)

0 16.5 3.39 10.5 89.5

1 10.00 2.8100 8.7 80.7

2 6.80 6.2200 10.5 61.4

3 4.30 3.4400 10.7 50.7

4 2.95 3.1300 9.7 41.0

5 1.47 2.5800 8.0 33.0

6 0.91 2.8200 8.8 24.3

7 0.63 2.3500 7.3 17.0

Backup Filter 0 5.4600 17.0 0
TOTAL 32.2

{a) d50 is the 50 percent particle cut diameter for

each impactor stage.
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TABLE 11I-3. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R1-L10

Net Cumulative

d50(a) Weight Percent <ds0

Cyclone No. {ym) (g} Total {%)

1 7.6 0.5260 71.3 28.7

1l 3.5 0.0624 8.5 20.2

1] 2.5 0.0137 1.9 18.3

v 1.1 0.0056 0.8 17.6

Vv 0.6 0.0076 1.0 16.6

Filter 0 0.1221 16.6 0
TOTAL 0.737

{a) d5Q is the 50 percent particle cut diameter for

each impactor stage.

TABLE IlI-10. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R2-L10

Net Cumulative

d50(a) Waeight Percent <d50

Cyclone No. {um) (g) Total (%)

1 7.4 0.6357 74.3 25.7

N 3.4 0.0709 8.3 17.4

] 2.5 0.0199 2.3 15.1

v 1.1 0.0021 0.2 14.9

v 0.;6 0.0044 0.5 14.3

Filter 0 0.1228 14.3 0
TOTAL 0.856

(a) d50 is the 50 percent particle cut diameter for

each impactor stage.
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TABLE 1lI-11. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R3-L10

Net Cumuiative

d50(a) Weight Percent <d50

Cyclone No. {um) {g) Total (%)

1 7.2 0.2429 48.7 51.3

il 3.3 0.0771 15.4 3.3

m 2.4 0.0249 5.0 2.4

v 1.0 0.0036 0.7 1.0

Y 0.6 0.0173 3.5 0.6

Filter 0 0.1333 26.7 0
TOTAL 0.499

(a) d50 is the 50 percent particle cut diameter for

each impactor stage.

TABLE 11l-12. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R1-L12

Net Cumulative

d50(a) Weight Percent <db0

Stage No. {um) {mg) Total {%)

0 10 0.00 0.0 100.0

1 6.30 0.00 0.0 100.0

2 4.30 0.00 0.0 100.0

3 3.00 0.57 5.0 95.0

4 1.85 2.12 18.5 76.6

5 0.92 0.67 5.8 70.8

6 0.60 3.37 29.3 41.4

7 0.39 3.70 32.2 9.2

Backup Filter 0 1.06 9.2 0
TOTAL 11.49

{a) d50 is the 50 percent particle cut diameter for

each impactor stage.
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TABLE {l}-13. PARTICLE SIZE DISTRIBUTION SUMMARY FOR R2-L12

Net Cumulative

d50{a) Weight Percent <db0

Stage No. (wm) {mg} Total {%)

0 12 2.44 29.6 70.4

1 7.20 1.2200 14.8 55/6

2 4.80 0.7200 29.6 45.8

3 3.30 1.0100 12.3 34.6

4 2.10 0.9800 11.9 22.7

5 1.03 0.6000 7.3 15.4

6 0.67 0.4000 4.9 10.6

7 0.45 0.1700 2.1 8.5

Backup Filter 0 0.7000 8.5 0
TOTAL 8.24

{a) d50 is the 50 percent particle cut diameter for

each impactor stage,

TABLE 1lI-14., PARTICLE SIZE DISTRIBUTION SUMMARY FOR R3-L12

Net Cumulative

d50(a) Weight Percent <d50

Stage No. {um) {mg) Total (%)

0 13 1.35 13.4 86.6

1 7.60 1.2700 12.6 74.0

2 5.10 2.3400 13.4 50.7

3 3.56 1.4500 14.4 36.3

4 2.30 1.6900 16.8 19.5

5 1.10 0.8700 8.6 10.8

6 0.70 0.0500 0.5 10.3

7 0.48 0.0900 0.9 9.4

Backup Filter 0 0.9500 9.4 0
TOTAL 10.06

{a) d50 is the 50 percent particle cut diameter for

each impactor stage.
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D. Ultimate/Proximate, Loss on Ignition, and Unburned Carb

Ultimate/proximate analysis results for the composite coal samples collected on
the days associated with Runs 1, 2, and 3 of the Method 29 (multi-metal) train sampling are
provided in Table III-15. Loss on ignition and unbumed (combustible) carbon results for the
composite solid process stream samples collected on the days associated with Runs 1, 2, and
3 of the Method 29 train are presented in Table III-16. The loss on ignition represents the
ash (percent) subtracted from 100 percent; the combustible carbon represents carbonate

carbon subtracted from total carbon.
E. Trace Elements

Method 29 and Solid Samples

Results of the analysis of trace elements in Method 29 and solid process
samples are presented, respectively, in Tables III-17 and III-18 for ICP-AES (inductively
coupled plasma atomic emission spectrometry) analysis of chromium (Cr), cadmium (Cd),
nickel (Ni), barium (Ba), cobalt (Co), manganese (Mn), vanadium (V), and beryllium (Be),
Tables ITI-19 and ITI-20 for GF-AAS (graphite furnace atomic absorption spectrometry)
analysis of arsenic (As), lead (Pb), antimony, (Sb) and selenium (Se), and Tables III-21 and
1I1-22 for CV-AAS (cold vapor atomic absorption spectrometry) analysis of mercury (Hg).
For all analyses, data were treated as follows:

. Sample results were not corrected for Location 7 or Location 12
Method 29 train blanks. Train blank emission levels were calculated
by using the average gas sample volume from the three runs at the
associated location.

. Sample results were not corrected for Method 29 field reagent blanks.
As noted in Section VII, the KMNO, (150840), 8N HCI (150841), and
5 percent HNO;/10 percent H,0, (150842) field reagent blanks were
combined and prepared for mercury analysis. The 5 percent HNO,/10
percent H,0, reagent blank should have been prepared separately for
element analysis by ICP-AES and GF-AAS. The filter reagent blank
(150838) was combined with the laboratory digestion blank during
preparation for ICP-AES and GF-AAS element analysis rather than
being processed separately.
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TABLE [lI-15. ULTIMATE/PROXIMATE RESULTS FOR COAL SAMPLES

Coal Feed - Location 2{a)

Run 1 Run 2 Run 3
Parameter (APR2793) | (APR2993) | (APR3093) | Average | RSD% (b)
Moisture (%) 1.92 2.09 2.13 2.05 4.45
Ash (%) 11.9 11.7 12.28 11.98 2.0
Volatile (%) 39.37 38.94 38.71 39.01 0.70
Fixed Carbon (%) 48.73 49.36 49.01 49.03 0.53
Higher Heat Value (Btu/ibj 12888 12916 12849 12884 0.21
Sulfur (%) 3.64 3.34 3.41 3.46 3.70
Carbon (%) 71.36 71.58 71.31 71.42 Q.16
Hydrogen (%) 4.88 4.8 4.81 4.83 0.74
Nitrogen (%) 1.32 1.35 1.31 1.33 1.28
Oxygen (diff) (%) 6.9 7.23 6.88 7.00 2.29

{a} All results other than moisture on a dry basis.

ib) RSD = relative standard deviation.

{OPro Filename: ULTIMATE.WB1)
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TABLE 11I-16. LOSS ON IGNITION AND UNBURNED CARBON RESULTS*

Unbumed

Sampling Loss on Ignition ¢ (Combustible)
| Location ample 1.D. {% wt) carbon (% wt.) |
Location 6 - R1-L6 11.11 0.03
SNRB Solids R2-L6 12.89 0.53
R3-L6 11.92 0.49
Average 11.97 0.35
RSD (%) 6.08 64.82
Location 8 - R1-L8 -0.83 0.1
Bottom Ash R2-L8 -1.18 0.04
R3-L8 -1.05 0.14
Average «1.02 0.09
RSD (%) 14.16 44 03
Location 9 - R1-L9 -0.23 0.36
Economizer Ash |R2-L9 -0.83 0.24
R3-L9 -1.04 0.08
Average -0.70 0.23
RSD (%) 49.03 50.60
Location 11 - R1-L11 6.78 5.61
Collected Flyash |R2-L11 9.51 766
R3-L11 10.51 8.66
Average 8.93 7.31
RSD (%) 17.85 17.37

*All results on a dry basis.
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TABLE 11-20. RESULTS OF GF-AAS ANALYSIS OF SOLID SAMPLES (ug/g)
Sampling
Location Run Sample 1.D. As Pb Sb Se
Location 1 - 1 APR2793COAL* 4.0 5.0 ND< 1.0 3.0
Coal Feed 2 APR2993COAL* 6.0 5.0 ND< 1.0 3.0
3 APR3093COAL* 5.0 6.0 ND< 1.0 2.0
Average 5.0 5.3 ND< 1.0 2.7
Location 3 - 1 APR2733LIME 1.14 ND< 0.3 ND< 03 ND< 0.5
Sorbent Feed 2 APR2993LIME 1.54 ND< 0.3 0.06 ND< 0.5
3 APR3093LIME 1.74 ND< 0.3 ND< 0.3 ND< 0.6
Average 1.47 ND< 0.3 ND< 0.3 ND< 0.5
Location 6 - 1 APR2793SNRB 60.4 3.6 0.48 5.18
SNRB Solids 2 APR2993SNRB 80.60 4.28 0.68 5.83
3 APR3093SNRB** 84.70 3.94 0.56 6.44
Average 75.23 3.94 0.58 5.82
Location B - 1 APR2793BOTT 4.69 6.65 0.31 ND< 0.5
Bottom Ash 2 APR2993BOTT 6.14 5.69 ND< 0.3 ND< 0.5
3 APR3093BOTT 3.28 6.16 ND< 0.3 ND< 0.5
Average 4.70 6.17 ND< 0.3 ND< 0.5
Location 9 - 1 APR2793ECON 130 6.15 0.78 ND«< 0.5
Economizer Ash| 2 APR2993ECON*®"* 16.05 6.21 ND< 0.3 ND< 0.5
3 APR3093ECON 53.8 4.34 ND< 0.3 ND< 0.5
Average 66.55 5.23 0.36 ND< 0.5
Location 11 - 1 APR2793ESPA 159 31.6 1.26 9.41
ESP Ash 2 APR2993ESPA 203 33.2 1.43 10.5
3 APR3033ESPA 219 34.2 1.48 12.3
Average 194 33 1.39 10.7

*Analyses conducted by Commaercial Testing and Engineering.

**Results are average of duplicate samplas.

{QPro Filename: GFSOL.WB1)
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TABLE Hi-21. RESULTS FROM CV-AAS ANALYSIS OF MERCURY IN
METHOD 29 SAMPLES (yg/dscm)***
Sampling
Location Sample |.D Solid Vapor # Total
Location 2 - R1-12 4.55 2.09 6.64
SNRB Inlet R2-L2 5.47 2.9 8.37
R3-1.2 9.29 5.32 14.61
Average 6.44 3.44 9.88
Location 5 - R1-L5 4.93 2.75 7.68
Baghouse Inlet R2-L5 9.64 0.21 9.85
R3-L5 10.40 1.16 11.57
Average 8.32 1.38 9.70
Location 7 - BL-L7* ND< 0.005 0.05 0.05
SNRB Qutlet R1-L7 . 11.44 11.44
R2-L7 0.023 11.57 11.58
R3-L7 ND< 0.005 15.51 15.51
Average## 0.013 12.84 13.55
Location 10 - R1-L10 ND< 0.1 12.61 72.681
ESP Inlet R2-L10 3.59 8.46 12.05
R3-L10 0.77 9.79 10.56
Average 1.47 10.28 11.74
{ocation 12 - BL-L12* ND< 0.005 0.85 0.85
ESP Qutlet R1-L12 ND< 0.005 9.45 9.45
R2-L12 0.008 10.13 10.13
R3-L12 ND< 0.005 11.66 11.66
Average ND< 0.005% 10.41 10.42
Field Reagent Blank### 0.035 0.31

*Sample results not corrected for Location 7 or 12 Method 29 train blanks.
* *Front half composite from R1-L7 lost in sample preparation.
***Sample results are corrected for field reagent blanks,

#Vapor phase includes combination of results from

HNO3/H202 and KMNQ4 impingers.
##Solid and total avarages include only R2-L7 and R3-L7.
###Combination of filter, acetone, and 0.1N HNO3 field reagent blanks for

solid; combination of 8N HC!, KMNO4, and HNO3/H202 field reagent
blanks for vapor. Blank results are in ug.

{QPro Filename: MERCTOT.WB1)
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TABLE 111-22. RESULTS FOR CV-AAS ANALYSIS OF MERCURY
IN SOLID SAMPLES

Concentration
Location Run Sample 1.D {ug/g)
Location 1 - 1 APR2793COAL* 0.14
Coal Feed 2 APR2993COAL* 0.14
3 APR3093COAL* 0.11
Average 0.13
Location 3 - 1 APR2793LIME ND< 0.02
Sarhent Feed 2 APR2993LIME ND< 0.02
3 APR3093LIME ND< 0.02
Average ND< 0.02
Location 6 - 1 APR2793SNRB ND< 0.02
SNRB Solids 2 APR2993SNRB ND< 0.02
3 APR3083SNRB NO< 0.02
Average ND< 0.02
Location 8 - 1 APR2793BOTT ND< 0.02
Bottom Ash 2 APR2993BOTT ND< 0.02
3 APR3093BOTT ND< 0.02
Average ND< 0.02
Location 9 - 1 APR2793ECON ND< 0.020
Economizer Ash 2 APR2993ECON 0.021
3 APR3093ECON ND< 0.020
Average ND< 0.020
Location 11 - 1 APR2793ESPA 0.272
ESP Ash 2 APR2993ESPA 0.402
3 APR3093ESPA 0.520
Average 0.398

*Coal anaiyses conducted by Commercial Testing and Engineering.

{QPro Filename: MERCSOL.WB1)
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Samples were corrected for laboratory blanks.

Averages were calculated by averaging results for the number of runs
which had concentrations above the method detection limit. If an
analyte was detected in all three runs, the average across the three runs
was determined. If an analyte was not detected in one or two of the
three runs, the average was determined using half of the detection limit
for those runs in which the analyte was not detected; if the average was
less than the highest detection limit, the result is reported as ND <
(highest detection limit). In cases where an analyte was not detected in
all three runs, the average was calculated as the average of the three
detection limits.

Averages for total element concentrations in Method 29 samples were
calculated as described above rather than adding the average solid and
vapor results.

Coal results are on a dry basis.

The front half (probe rinses and filter) composite from the Method 29
sample collected in Run 1 at Location 7 (SNRB™ Qutlet) was lost
during sample preparation. Solid phase averages are calculated without
including this sample. The total element results will be biased low for
this run,

Detection limits were calculated by using three times the standard
deviation of replicate (triplicate or more) results from blanks or low-
level samples.

For the ICP-AES analyses of Method 29 samples (Table III-17) trace elements
were detected at levels above blank train levels at all inlet locations. At the outlet locations,

element emission levels are not significantly above train blank levels in many cases. Run 2

at Location 12 appears to be an exception where emission levels for detected analytes are
above train blank levels. Results for ICP-AES analysis of solid samples (Table III-18) are
fairly consistent across the three sampling days.

For the GF-AAS analyses of Method 29 samples (Table ITI-19), consistent

emission levels above train blanks for the three runs were obtained at the inlet locations.

Most concentrations at Location 7 (SNRB™ Qutlet) are close to train blank levels; while most
concentrations at Location 12 (ESP Outlet) are above train blank levels. As with the ICP-
AES analyses, the results for the GF-AAS analysis of solid samples are fairly consistent
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across the 3 sampling days. One exception is the arsenic concentration in the economizer
ash which ranged from 16 pg/g in Run 2 to 130 pg/g in Run 1.

Results from CV-AAS analysis of total mercury in Method 29 samples (Table
III-21) are remarkably consistent across the triplicate runs. In general, the distribution of
mercury between solid and vapor phases appears to favor the solid phase for inlet locations
and the vapor phase for outlet locations. As indicated in Table III-21, the vapor phase
results are a combination of Method 29 back half (H,0O, impingers) and KMnQO, impinger
results. In most cases, the amount of mercury in the back half was higher than that detected
in the KMnQ, impingers. For the CV-AAS analysis of solid samples (Table III-22), only the
ESP ash had levels of mercury above the levels in the feed coal.

Merc iation

Mercury speciation measurements were made by Frontier Geosciences. The
measurements were performed at the ESP and SNRB™ outlets during the time that the
Method 29 train was collected at the same locations by EER. The mercury speciation
sampler was operated for shorter durations than the multiple metals trains but during the
same sampling period.

A description of the sampling and analytical method follows that of Bloom,
and is presented in Appendix A. Briefly, the Bloom mercury speciation sampling train
consisted of 2 pairs of solid sorbent traps, through which flue gas was pulled at a rate of 0.5
L/min. The first pair of traps contained KCl-impregnated soda lime for measurement of
ionic mercury (Hg?*) and methyl mercury (both species measured after ethylation), and the
second pair of traps contained iodated carbon for metallic mercury. Each pair of traps
(primary and backup) was analyzed separately to determine possible breakthrough. The
sampler was not operated isokinetically, so particulate-bound mercury, if present, was not
representatively sampled.

The detailed results are given in Appendix A. Table ITI-23 summarizes the
mercury speciation results. The data are blank-corrected and reported on a dry gas basis.
For the ESP outlet, mercury emissions averaged 6.5 + 1 ug/dscm. All of the methyl
mercury results are suspect due to an artifact discovered after the completion of this effort -

(see Appendix A). The traps showed very high collection of oxidized mercury (>98 percent
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TABLE 11I-23. MERCURY SPECIATION RESULTS®

—— — —_—
Blank-Corrected Mercury, Bloom Method Battelle
(ng/dscm) Method 29
Sample Ionic Methyl  Hg® Total (ugfdscm)®)
ESP Qutlet
L12 4/27/93 5.82 1.61 0.27 7.70 9.4
13:17-17:19
L12 4/29/93 4,56 0.92 0.46 5.94
13:14-18:28
10.1
L12 4/29/93 4.49 0.80 0.16 5.45
19:25-21:25
L12 4/30/93 5.05 1.44 0.36 6.85
9:39-14:06
11.7
L12 4/30/93 6.23 2.11 0.36®  (8.70)©
14:39-18:48
SNRB™ Outletd
L7 4/27/93 3.09@ 0.33@ 4,23 7.65 11.4
10:56-15:23
L7 4/29/93 5.59@ 1.10@ 2.88 9.57
12:51-17:31
. 11.5
L7 4/29/93 4,749 0.809 3.64 . 9.18
17:45-20:45
L7 4/30/93 2,579 0.45@ 3.32 6.34
9:30-14:11
| 15.5
L7 4/30/93 2.97@ 0.58@ 4.70 8.25
14:59-18:29

(a) Collected during the same sampling period but for a longer duration.

M) Results not blank-corrected. '

©) A portion of the sampler lost, thus these are minimum values. This sample was not used for
the data average. .

d) For all SNRB™ samples, the actual ionic/methyl mercury levels may be higher than reported
due to apparent breakthrough into the backup solid sorbent.

(e) Methyl mercury results are suspect. See Appendix A for detailed explanation.
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on the first sorbent trap). The percentage of the mercury present as ionic mercury averaged
76 percent; as methyl mercury averaged 19 percent (suspect data; see Appendix A); and as

Hg? averaged 4 percent. The significance of the ionic mercury is that it is the most readily
captured form in wet FGD systems(!,

For the SNRB™ outlet, the samples showed oxidized mercury breakthrough
into the second soda lime trap (backup). Thus, for the SNRB™ results, Hg? concentrations
may be overestimated. The value for total mercury, which is not affected by the sorbent
breakthrough, averaged 8.2 +1.2 ug/dscm.

There is high between-day variability in the mercury emissions at each
location. FEach pair of ESP and SNRB™ emissions measurements compare well, with the
exception of the samples from 4/29/93. On the 29th, considerably higher mercury emissions
are found for SNRB™ than for the ESP.

mparison of Mer iation and Method 29 Train Resul

Table IT1-23 gives the corresponding mercury emissions levels measured by
way of Method 29. The mercury speciation sampler was operated for shorter durations than
the multiple metals trains but during the same sampling period. The Method 29
measurements are consistently higher that the corresponding mercury speciation results. The
differences are larger than can be explained by Method 29 data not being blank-corrected,
and the Method 29 results do not suggest large particulate-phase mercury. The factors that
governed the collection of mercury by the two methods are not completely understood.
(Method 29 and the Bloom speciation method have been recently subjected to a field
comparison®®.)

Using the coal mercury concentration (0.11-0.14 ug/g), the average coal feed
rate, and the average ESP and SNRB™ outlet flue gas flow rates, the expected concentration
of mercury in the flue gas can be calculated®. Assumptions include coal is the only source
of mercury and 100 percent mercury volatilization. If 2.17 percent of the boiler flue gas is
diverted to the SNRB™ process (based on the ratio of average system inlet flow rates), this
corresponds to a calculated emission of 10-12 ug/dscm for SNRB™ and 11-14 ug/dscm for
the ESP. This compares well with Method 29 measurements.
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Frontier Geosciences performed additional measurement of total mercury in
the coal samples, In the samples from April 27, 29, and 30; 0.12, (.10, and 0.13 ug/g of
mercury was found. These results compare well with the coal mercury levels found at
Battelle.

mparison of Ash and M ncentrati

at Locations 2 and 10

Locations 2 and 10 are, respectively, the inlet locations to the SNRB™ system
and ESP. They both can be used to measure concentrations of HAPs exiting the boiler (see
Figure I-3). Location 2 had no control devices between it and the outlet of the boiler.
Because it was in the slipstream from the boiler exit and had a flow of only about 2.17
percent of the total flue gas, it was not a normal location in which to measure the ash and
metals content of flue gas exiting the boiler. However, Location 10 also was not ideal as a
location for the boiler exit. Location 10 was a point in the duct downstream of the point
where the SNRB™ exit flue gas rejoined the main flue gas prior to entering the ESP. The
effect was to mix clean flue gas from the SNRB™ system with dirty flue gas from the boiler
at a ratio of about 2.2/97.8. Thus the flue gas at Location 10 could be expected to have
concentrations of HAPs in the range 98 to 100 percent of the flue gas leaving the boiler
(assuming the SNRB™ system to be between 100 and O percent efficient). In addition, a
complete traversing of Location 10 could not be accomplished (see Section VII). Particulate-
phase trace metal concentrations at the ESP inlet may be biased low at Location 10 (see
Section IV).

Table III-24 offers a comparison of measured concentrations of ash and trace
metals at Locations 2 and 10 which are expected to be approximately equal since both
represent flue gas leaving the boiler. The ratio of average measured ash concentrations at
Location 10/Location 2 is 0.87. With the exception of antimony, the ratios for metals
primarily in the particle phase and measured by GF-AAS was in the range 0.73 to 0.84. The
ratio for mercury measured by CV-AAS was 1.04. Note that for the eight metals measured
by ICP-AES the ratio was in the range 0.42 to 0.56. These unexpected differences suggest
that some of the problems identified with sampling at these locations may have affected the
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TABLE ll1-24. COMPARISON OF SELECTED MEASUREMENTS OF SUBSTANCES
AT LOCATIONS 2 AND 10

SNRBT™ ESP Ratio of

inlet Inlet Location 10/ Analytical
Substance Location 2 Location 10 Location 2 Method
Ashi(a) 8.5 9.0 1.06 Gravimetric
Hg 9.88 10.3 1.04 CV-AAS
Cr 784 397 0.51 ICP-AES
Cd 7.23 3.32 0.46 ICP-AES
Ni 376 182 0.48 ICP-AES
Ba 1,550 692 0.45 ICP-AES
Co 158 67 0.42 ICP-AES
Mn 788 398 0.51 ICP-AES
Vv 1,120 625 0.56 [CP-AES
Be 45.1 22 0.49 ICP-AES
As 460 336 0.73 GF-AAS
Pb 186 135 0.73 GF-AAS
Sb 8.39 11.3 1.35 GF-AAS
Se 148 124 0.84 GF-AAS

{a) Units for ash are g/dscm. Units for metals are yg/dscm.
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results. The effect of the differences on mass balance c_alculations will be discussed in

Section 1V.
F. Chloride/Fluorid

Chloride/fluoride results for gas emission samples are presented in Table III-
25. Results for chloride/fluoride analysis of composite solid process samples collected on
days corresponding to Method 26A gas sampling runs are presented in Table III-26.

Data presented in these tables were treated as follows:

. Sample results were not corrected for Location 7 or Location 12
Method 26A train blanks, field reagent blanks, or laboratory blanks.
Train and field reagent blank concentrations were calculated using the
average gas sample volume from all locations.

. Averages were calculated by averaging results for the number of runs
which had concentrations above the method detection limit, If an
analyte was detected in all three runs, the average across the three runs
was determined. If an analyte was not detected in one or two of the
three runs, the average was determined using half of the detection limit
for those runs in which the analyte was not detected; if the average was
less than the highest detection limit, the result is reported as ND <
(highest detection limit). In cases where an analyte was not detected in
all three runs, the average was calculated as the average of the three
detection limits.

° The detection limit was determined by multiplying the standard
deviation of eight determinations by the student’s t value (see Section

VII).

In most cases, results for the three Method 26A samples at individual locations
are consistent. Run 1 at Location 2 appears to have significantly lower concentrations of
both fluoride and chloride than the other runs at this location. Likewise, Run 3 at Location
10 also appears to have lower fluoride and chloride concentrations than other runs at this
location. The results for chloride at the Baghouse Inlet (Location 5) may be suppressed due
to the presence of lime in the gas stream (the particulate phase is not analyzed in Method
26A).
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TABLE lI-25. CHLORIDE/FLUORIDE RESULTS FOR METHOD 25A SAMPLE

Sample
Sampling Sample Volume F- Cl
Location I.D. (dscm) /dscm} [(pg/dscm)
Location2- [R1-L2 2.28 204 9060
SNRB Inlet  jR2-L2 2.33 2870 48000
R3-L2 2.06 5860 36300
Average 2.23 3010 30400
Location5- |R1-LS 2.11| ND<2.40 527
Baghouse Iniet|R2-L5 1.76 55.90 1300
R3-L5 3.19 2.51 1160
Average 2.36 19.87 996
Location7- |Ri1-.7 2.1 73.00 889
SNRB Outlet |R2-L7 2.23] ND<2.42 1060
R3-L7 2.08 42.20 332
Average 213 38.80 760
Location 10- |R1-L10 1.64 3400 25500
ESP Inlet R2-L10 1.82 7250 35300
R3-L10 1.64 1380 5350
Average 1.70 4010 22000
Location 12- |R1-L12 2.96 4780 35500
ESP Qutlet R2-L12 2.98 68700 39400
R3-L12 2.88 7180 35800
Average 2.94 6220 36500
Field Blank* |Location 7 2.83 5.62 356
Field Blank* |Location 12 2.83| ND<1.52 304
H2S04 Biank* - 2.83| ND<0.83| ND<63.2
H20 Blank* - 2.83] ND<0.75| ND<0.75

*Blank results calculated using average gas sample volume

from all runs.

(QPro Filename: CHLFLO.WB1)
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TABLE I1I-26 . CHLORIDE/FLUORIDE RESULTS
FOR SOLID SAMPLES

Sampling Sample F- Cl-
Location 1.D. lwa/g) wg/g)
Location 1 - R1-L1 60 340
Coal Feed*** {R2-L1 70 410
R3-L1 80 370
Average 70 373
Location 3 - R1-L3 3.4 <10**
Sorbent Feed R1-L3 3.9 <10°**
R1-L3 3.3 <10**
Average 3.5] <10**
Location 6 - R1-L6 20 740
SNRB Solids R2-L6 21 960
R3-L6 29 830
Average 23 843
Location 8 - R1-L8 <0.,10* 0.66
Bottom Ash R2-L8 <0.10 2.2
R3-L8 <0.10 2.7
Average <0.10 1.9
Location 9 - R1-L9 .47 0.57
Economizer Ash [R2-L9 0.26 0.67
R3-19 0.23 0.28
Average 0.32 0.51
Location 11 - R1-L11 6.8 5.5
Collected Flyash |R2-L11 7.6 4.3
R3-L11% 8.7 35
Average 7.0 4.4

** <" indicates analyte not detected; number
represents detection limit.

**Detection limit for chloride in sorbent feed is high
{10 pg/g) due 1o matrix interference.

***Analyses conducted by CTE.

{QPro Filename: CFLSOL.WB1])
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Pol lear Aromatic Hvdrocarbo

The concentration of PAH detected in gas emissions collected with a Method

23 train are presented in Table III-27 for field and QC samples. PAH data were treated as

follows:

Sample results were not corrected for Location 7 or Location 12
Method 23 train blanks, the laboratory method blank, or matrix spike
results.

Train blank concentrations were calculated using a nominal 3 dscm as
the gas sample volume. '

Averages were calculated by averaging results for the number of runs
which had concentrations above the method detection limit. If an
analyte was detected in all three runs, the average across the three runs
was determined. If an analyte was not detected in one or two of the
three runs, the average was determined using half of the detection limit
for those runs in which the analyte was not detected; if the average was
less than the highest detection limit, the result is reported as ND <
(highest detection limit). In cases where an analyte was not detected in
all three runs, the average was calculated as the average of the three
detection limits.

The detection limit was determined by comparing the instrument noise
level in the absence of a peak to the response of a known amount of
internal standard.

The Run 3 sample from Location 2 (SNRB™ Inlet) could not be analyzed due

to significant organic loading in the sample extract even after column cleanup. Therefore,
data are not included in Table II1-27 for this sample. As noted in Section VII (Data

Evaluation), some samples had low internal standard recoveries possibly due to the high

particulate loading which impeded extraction efficiency. These samples are identified in

Table ITI-27.

PAH results for triplicate runs at each location are consistent within a factor of

approximately 10 or less. PAH emissions do not appear to be significantly different between
inlet and outlet locations (i.e., SNRB™ Inlet - Location 2 vs SNRB™ Qutlet - Location 7,
ESP Inlet - Location 10 vs ESP OQutlet - Location 12). For some compounds, PAH
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emissions do not appear to be higher than PAH levels detected in field blank samples. PAH

levels in laboratory method blanks are lower than field blank samples.

H. Dioxins/Furans

The concentration of dioxins/furans in gas emissions collected with a Method
23 train are presented in Table I1I-28. Complete data reporting forms showing internal
standard recoveries are included in Appendix B. As noted in Section VII (Data Evaluation),
two samples from Location 5 (Baghouse Inlet) and two samples from Location 10 (ESP
Inlet) had extremely low internal standard recoveries most likely due to the high particulate
loading which impeded efficient Soxhlet extraction. Results for these samples are included in
Table I11-28 but should be considered suspect. Dioxin/furan data were treated as follows:

. Sample results were not corrected for Location 7 or Location 12

Method 23 train blanks or method blank results. Blank results were
calculated using 2 dscm gas sample volume.

o The detection limit was determined by comparing the instrument noise
level in the absence of a peak to the response of a known amount of
internal standard.

. Train blank concentrations were calculated using the average gas
sample volume from the three runs at the associated location.

o Averages were calculated by averaging results for the number of runs
which had concentrations above the method detection limit and
acceptable recoveries. If an analyte was detected in all three runs, the
average across the three runs was determined. If an analyte was not
detected in one or two of the three runs, the average was determined
using half of the detection limit for those runs in which the analyte was
not detected; if the average was less than the highest detection limit,
the result is reported as ND < (highest detection limit). In cases where
an analyte was not detected in all three runs, the average was calculated
as the average of the three detection limits.

Tetra- through octa-CDF were found in most Method 23 samples. 2,3,7,8-
TCDF was found in all samples except Run 3 from Location 12 (ESP Outlet) and Run 2
from Location § (Baghouse Inlet). Of the dioxins, only the higher chlorinated compounds
(hexa- through octa-CDD) were detected in most samples. The concentration of octa-CDD -
in most samples was only slightly higher than the level detected in the laboratory method
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blank or the field blanks which is not surprising since octa-CDD is ubiquitous in the
environment. The solvent specified in Method 23 for extraction was not used for these
analyses because of the need to analyze these same samples for PAH. However, the solvent
used -- methylene chloride -- has demonstrated excellent recoveries for dioxin/furans in
recent work conducted by Battelle. Some of the low recoveries obtained for these samples
are attributed to the large amount of particulate which may have impeded extraction
efficiency.

The dioxin/furan concentrations in the emission samples collected in Run 2
from Location 7 (SNRB™ Outlet) are significantly higher than the concentrations detected in
the samples from Runs 1 and 3 at this same location. The cause for these higher Run 2
concentrations is unknown. Results for Location 12 (ESP Outlet) are mostly consistent
across the three runs, with the exception of 2,3,7,8-TCDD which was detected in Run 2 at a
concentration of 9.9 pg/dscm and not detected in the other two runs (detection limit of
approximately 2 pg/dscm).

L._Carbonyls

Results for the carbonyl analyses of Method 0011 train flue gas samples are
presented in Table II-29. As shown, carbonyl compounds were not detected in any of the
flue gas samples, although the detection limit achieved in these analyses met the target
detection limit of 1.4 pg/dscm. Note that the solutions from the two DNPH impingers were
analyzed separately to check for breakthrough. The probe and cyclone rinse and the solution
from the third impinger in the Method 0011 train were not analyzed for carbonyls.

In contrast to the flue gas samples, the field blanks and the DNPH reagent
blank showed a trace amount of acetone. This result suggests that DNPH derivatives in the
flue gas samples should have been present (at least for acetone) but may have been destroyed
through the sampling or analysis process. The high SO, concentration in the gas emissions
may have contributed to losses because it is a strong oxidant, although prior to field
sampling, the U.S. EPA was consulted and indicated that high SO, was not a concern.
Likewise, the DNPH derivatives may have adsorbed to the unexpected, large amount of
particulate matter in the DNPH impinger solutions, and therefore been removed from
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solution. Standard Method 0011 analysis procedures detail a methylene chloride extraction
of the sample although those analysis procedures were not incorporated into the analytical
plan for this project. Acetonitrile was used to prepare the impinger DNPH solution and
methylene chloride was used by EER to recover the samples. These two solvents do not mix
so the methylene chloride layer from the Impinger 1 sample collected on April 26 at
Location 12 was analyzed to determine if the DNPH derivatives had preferentially partitioned
into this solvent. Carbonyls were not detected in this methylene chloride layer (reported as
Imp #1 U in Table III-29). Any further investigation of these samples was not conducted.

Volatil ni mpoun

Tedlar bag samples were collected on April 29, 1993 but upon réceipt at
Battelle these samples appeared to have leaked and were not analyzed. Consequently, two
Tedlar bag sampies (representing Runs 1 and 2) were collected at each gas sampling location
(except Location 12 where only one sample was collected) on April 30, and one Tedlar bag
sample (representing Run 3) was collected at each of Locations 2, 5, and 7 (SNRB™ Inlet,
Baghouse Inlet, and SNRB™ Outlet) on May 1.

Results from the VOC analysis of the Method 18 Tedlar bag samples are
provided in Table III-30. As indicated in Table ITI-30, VOC data were treated as follows:

. Results for the trip blank were not subtracted from sample results.

* Averages were calculated by averaging results for the number of runs
that had concentrations above the method detection limit. If an analyte
was detected in all three runs, the average across the three runs was
determined. If an analyte was not detected in one or two of the three
runs, the average was determined using half of the detection limit for
those runs in which the analyte was not detected; if the average was
less than the highest detection limit, the resuit is reported as ND <
(highest detection limit). In cases where an analyte was not detected in
all three runs, the average was calculated as the average of the three
detection limits.

. Averages were not calculated for analytes in which the field spike
recoveries were less than 80 percent (se¢ Table VII-43). These data
should be considered suspect. An exception is toluene for which the
field spike recovery was 77 percent.
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Of the VOC compounds analyzed, the following compounds were detected in
most Tedlar bag samples:

dichloromethane

3-chloropropene

1,1-dichloroethane

trichloromethane

benzene

cis-1,3-dichloropropene

toluene

ethylbenzene

m,p-xylene

1,2,4-trimethylbenzene

benzyl chloride

m-dichlorobenzene

p-dichlorobenzene

1,2,4-trichlorobenzene

Of these detected VOC compounds, concentrations for benzene, cis-1,3-

dichloropropene, m-dichlorobenzene, p-dichlorobenzene, and 1,2,4-trichlorobenzene appear
to be higher than concentrations in the Tedlar bag trip blank processed with these analyses.
For other detected VOC compounds, concentrations are relatively equivalent to the trip blank
concentrations for most samples. While Tedlar bag samples were collected at some locations
under high vacuum conditions, modifications to the sampling system were made in the field
to accommodate these conditions; therefore, impact on the sampling was expected to be

minimal.
K. Radionuclides

Results f:rom the radionuclide analysis of coal and filters from Method 26A
{Locations 2, 7, 10, and 12) and Method 5 (Location 5) samples are presented in Table III-
31. These analyses were conducted by International Technology Corporation (IT). The
complete data package for these analyses, including error associated with analytical resuits, is
provided in Appendix C. The following should be noted for these analyses:
. Th*? and Th**® when analyzed by gamma spectrometry are reported as
R%%, P when analyzed by gamma spectrometry is reported as Pb?!°.

This is based on the assumption that thorium and radium, and polonium
and lead, are in secular equilibrium.
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J U%? is reported from the 63 keV energy line from the Th™* assuming
that the U® and Th™* are in secular equilibrium,

* Only a portion of the total particulate from Locations 2, 5, and 10
samples, which had considerable amount of loading, was prepared for
analysis; results are corrected for the total sample. The entire filter
and associated particulate from Locations 7 and 12 were digested for
analysis.

. Results for the filter blank reagent and Location 7 and Location 12
Method 26A train blanks were calculated using the average gas sample
volume from all locations.

o Results are not corrected for filter reagent blank or Method 26A train

blanks.

For these analyses, Pb?'° and U®® were detected in samples but were also
detected at similar levels in the filter reagent blank and the Method 26A train blanks,
Assuming a gas sample volume of 2 dscm, the train blank results for Pb*'° and U* will
correspond to approximately 23 pCi/dscm for Pb*'® and 42 pCi/dscm for U,

Flue gas results may be biased high. Based on the coal analyses of
approximately 0.5 pCi of U and 12 percent ash, this would yield approximately 4.2 pCi/g
of ash for U, The flue gas measurements for U at the ESP outlet are an average of 76
pCi/dscm or 34 pCi/dscm after blank subtraction, which is about 653 pCi/g of ash or about 2
orders of magnitude higher than would be expected.
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IV. MATERIAL BALANCES

Material balances were performed on the boiler, the ESP, the combined boiler
and ESP, and the SNRB™ system. The calculations are provided in Appendix D, with a
summary of results presented in Appendix E. Separate material balances were calculated for
each test run and for the average of the three runs. Material balances are reported for ash
and thirteen metals.

Figures IV-1a and IV-1b show the control volumes for the material balance
calculations for the boiler, the ESP, the SNRB™ process, and the combined boiler and ESP.
These figures also show the flow paths into and out of each process. The ammonia flow into
the SNRB™ process is not shown on these figures as it is believed to contain no ash or metals

and, therefore, would not influence the material balances.
mptions

In performing the ash material balance calculations, a number of assumptions

were made. The following paragraphs discuss these assumptions.
Boiler Ash Balance:

. Data on daily coal feed rates were not available. Therefore, the coal
feed rate for each test day was assumed to be equal to the average coal
feed rate for the entire test period. As the boiler operated at a nearly
constant load during the entire test period, this is a reasonable
assumption.

o The rate of pyrite rejects was measured during two periods during the
tests. The average flow rate of pyrite rejects for each test was taken to
be the average pyrite reject rate for the two periods during which pyrite
reject rates were measured.

o The plant has no provisions for measuring the flow rates of the bottom
ash stream or the economizer ash stream. However, knowing that the
ash must achieve a material balance for the boiler, the total flow of
bottom ash plus economizer hopper ash streams was taken to be equal
to the difference between the ash entering the boiler with the coal and
the fly ash exiting the boiler with the flue gas. Based on "Steam, Its
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Generation and Use", B&W, 1992, it was estimated that the bottom ash
flow accounted for 75 percent of the ash that was not emitted as fly ash
and the economizer ash flow accounted for 25 percent of the ash that
was not emitted as fly ash. (For most metals the concentrations in the
bottom ash and economizer ash were similar so that the assumed split
between bottom ash and economizer ash had minimum impact on
results.)

The unburned carbon content of the particulate exiting the furnace was
not determined. Lacking any specific data, the unburned carbon
content for the particulate exiting the boiler was taken to be equal to
the unburned carbon content of the collected ESP ash.

Gas flow out of the boiler was equal to the gas flow at Location 10
minus the gas flow at Location 7 plus the gas flow at Location 2. That
is

Croiler sxit = P10 ~ &7 + Oz

ESP Ash Balance:

The plant has no provisions for measuring the flow rate of the ESP
catch. However, knowing that the particulate must achieve a material
balance for the ESP, the magnitude of the ESP catch was taken to be
equal to the difference between the particulate entering the ESP and the
particulate exiting the ESP.

The unbumed carbon content of the particulate exiting the ESP was not
determined. Lacking any specific data, the unburned carbon content
for the particulate exiting the ESP was taken to be equal to the
unburned carbon content of the collected ESP ash.

SNRB™ System Ash Balance:

Data on the baghouse solids generation rate were only available for 2
days. For material balance calculations, the baghouse-solids generation
rate was taken to be equal to the average flow rate for the 2 days for
which data were available.

The unburmned carbon content of the particulate entering the SNRB™
system was not determined. Therefore, the unburned carbon content of
the particulate entering the SNRB™ system was estimated from the
carbon content of the baghouse catch and the ratio of particulate and
hydrated lime entering the SNRB™ system.
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The unburned carbon content of the particulate exiting the SNRB™
system was not determined. Therefore, the unburned carbon content of
the particulate exiting the SNRB™ system was the same as that for the
material collected at the baghouse.

The calculated fraction of ash exiting the furnace as fly ash averaged

approximately 68 and 73 percent of the ash input to the furnace using Location 2 and 10

data, respectively. These values are below the expected value of 80-85 percent for a

pulverized coal-fired furnace. No explanation of this result is available.

Metals Material Balance:

In performing the metals material balances, the same assumptions reported for

the ash material balances were made. However, some additional assumptions were required,

including:

Particulate loadings were only measured for "organic” test runs while
metals analyses were only conducted on samples collected during
"metals” test runs. Flue gas particulate loadings for the metals runs at
the ESP inlet, the ESP outlet, the SNRB™ inlet, and the SNRB™ outlet
were taken to be equal to the average of the respective particulate
loadings as calculated for the three runs for which particulate emissions
data were available, i.e., the organic runs.

The SNRB™ system has no provisions for measuring the flow rate of
the baghouse catch. However, knowing that the particulate must
achieve a material balance for the baghouse, the magnitude of the
baghouse catch was taken to be equal to the difference between the
particulate entering the baghouse and the particulate exiting the
baghouse for the three runs for which particulate emissions data were
available (the organic runs). The baghouse catch rate for the metals
runs was taken to be equal to the average of the baghouse catch rates
calculated for the three organic runs.

When “less than” values were reported for metals analyses, a value of
zero was used in the metals material balance calculations.

The metals emission rates for the boiler outlet and ESP inlet were
based upon the metals concentrations measured at the SNRB™ inlet
(Location 2), as sampling problems were experienced at the ESP inlet
(Location 10) and the data from that location are questionable.

Raw metals data were corrected for field blanks by subtracting the
average of the two field blank values for each metal.
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o When subtraction of field blank values from raw data produced
negative values, a value of zero was used.

. Gas flow out of the boiler was equal to the gas flow at Location 10
minus the gas flow at Location 7 plus the gas flow at Location 2. That
18

Qbo.ilar exit = Q1o - Q’J + QZ'

. The mass flow rate of each metal exiting the boiler was equal to the
mass flow rate at Location 10 minus that at Location 7, plus that at
Location 2.
For the metals material balances, the assumptions regarding bottom ash, economizer ash, and
ESP ash were necessary for two reasons. First, values for these flows were calculated from
particulate loadings. Second, particulate emissions data were only available for the organic

runs and the metals data were available for only the metals runs.
h: ri lance Resul

Results for material balances for ash were calculated as the quantity of
material leaving the system divided by the quantity of material entering the system under
consideration. The nature of the assumptions that were made in performing the ash balance
calculations essentially forced the ash balances to show near perfect closure (i.e., within
+0.1 percent). These assumptions were necessary because it was not possible to measure all
mass flow rates, and some of the mass flow rates were calculated by differences between the
mass flow rates that were measured. Thus, the near perfect closure for the ash material

balances does not reflect on the quality of the emissions test results.
Metals: rial Balance Resul

Tables IV-1 through IV-13 show the results of the material balance
calculations for the 13 metals of interest. Separate material balance calculations are shown
for the boiler, the ESP, the combined boiler and ESP, and the SNRB™ system. Percent
closure, as reported in these tables, is defined as 100 times the ratio of the material exiﬁng
the device to the material entering the device. A value of 100 indicates that the material
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TABLE 1V-1. MATERIAL BALANCE CLOSURES FOR MERCURY (Percent)
Standard
System 4/27/93 4/29/93 4/30/93 Average  Deviation
Boiler 48 62 110 73 32
ESP 199 177 120 165 41
Boiler and ESP 94 109 130 111 18
SNRB™ system 224 176 134 178 45

TABLE IV-2. MATERJAL BALANCE CLOSURES FOR CHROMIUM (Percent)

Standard
System 4/27/93 4/29/93 4/30/93 Average Deviation
Boiler 78 44 131 84 44
ESP 165 421 79 222 178
Boiler and ESP 111 99 112 107 7
SNRB™ system 133 326 69 176 134
TABLE IV-3. MATERIAL BALANCE CLOSURES FOR CADMIUM (Percent)
Standard
System 4/27/93 4/29/93 4/30/93 Average  Deviation
Boiler - - - NC® NC
ESP 159 919 57 378 471
Boiler and ESP --® -- -- NC NC
SNRB™ system 5.6 94 1.8 34 52
(a) Indicates material balance closure not calculated because the metal was not measured

above the detection limit in the input stream.

(b)  NC indicates not calculated.
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TABLE IV-4. MATERIAL BALANCE CLOSURES FOR NICKEL (Percent)

Standard
System 4/27/93 4/29/93 4/30/93 Average Deviation
Boiler 68 47 106 73 30
ESP 153 354 80 196 142
Boiler and ESP 93 90 91 91 1
SNRB™ system 117 439 50 202 208

TABLE 1V-5. MATERIAL BALANCE CLOSURES FOR BARIUM (Percent)

Standard
System 4/27/93 4/29/93 4/30/93 Average Deviation
Boiler 36 30 77 48 26
ESP 228 296 76 200 113
Boiler and ESP 63 60 63 62 2
SNRB™ system 21 28 7 19 11

TABLE IV-6. MATERIAL BALANCE CLOSURES FOR COBALT (Percent)

Standard
System 4/27/93 4/29/93 4/30/93 Average Deviation
Boiler 81 45 181 102 70
ESP 138 309 62 170 127
Boiler and ESP 106 77 126 103 24
SNRB™ system 81 178 60 106 63

TABLE IV-7. MATERIAL BALANCE CLOSURES FOR MANGANESE (Percent)

Standard
System 4/27/93 4/29/93 4/30/93 Average Deviation
Boiler 63 40 109 71 35
ESP 176 472 70 239 208
Boiler and ESP 90 88 87 83 1
SNRB™ system 144 339 64 183 - 141
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TABLE 1V-8. MATERIAL BALANCE CLOSURES FOR VANADIUM (Percent)

Standard
System 4/27/93 4/29/93 4/30/93 Average  Deviation
Boiler 70 48 117 78 35
ESP 156 281 97 178 94
Boiler and ESP 97 90 116 101 13
SNRB™ system 163 327 79 190 126

TABLE IV-9. MATERIAL BALANCE CLOSURES FOR BERYLLIUM (Percent)

Standard
" System 4/27/93 4/29/93 4/30/93 Average Deviation
Boiler 79 78 125 94 27
ESP 150 343 76 190 138
Boiler and ESP 107 165 104 125 35
SNRB™ system 0 180 38 73 95

TABLE IV-10. MATERIAL BALANCE CLOSURES FOR ARSENIC (Percent)

Standard
System 4/27/93 4/29/93 4/30/93 Average  Deviation
Boiler 161 56 127 115 53
ESP 286 608 346 413 171
~ Boiler and ESP ND® 317 415 366 NC®
SNRB™ system ND 716 . 396 556 NC

(a) ND = Not determined because sample from Location 7 (SNRB™ outlet) was lost

during preparation.
(b) NC = Not calculated.

V-9



TABLE IV-11. MATERIAL BALANCE CLOSURES FOR LEAD (Percent)

Standard
System 4/27/93 4/29/93 4/30/93 Average  Deviation
Boiler 48 29 41 39 10
ESP 133 249 140 174 65
Boiler and ESP ND® 65 56 61 NC®
SNRB™ system ND 104 50 77 NC

(a) ND = Not determined because sample from Location 7 (SNRB™ outlet) was lost
during preparation.
(b) NC = Not calculated.

TABLE IV-12. MATERIAL BALANCE CLOSURES FOR ANTIMONY (Percent)

. Standard
System 4/27/93 4/29/93 4/30/93 Average  Deviation
Boiler --® - - NC® NC
ESP 153 143 163 153 10
Boiler and ESP -® -- - NC NC
SNRB™ system ND® 76 56 66 NC

(a) Indicates material balance closure not calculated because the metal was not measured
above the detection limit in the input stream.

(b) NC = Not calculated.

(¢) ND = Not determined because sample from Location 7 (SNRB™ outlet) was lost
during preparation.

TABLE IV-13. MATERIAL BALANCE CLOSURES FOR SELENIUM (Percent)

Standard
System 4/27/93 4/29/93 4/30/93 Average Deviation
Boiler 50 30 102 61 37
ESP 120 113 62 98 32
Boiler and ESP ND® 35 65 50 NC®
SNRB™ system ND 187 90 138 NC

(a) ND = Not determined because sample from Location 7 (SNRB™ outlet) was lost
during preparation.
(b) NC = Not calculated.
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exiting the device was equal to the material entering the device, ¢.g., a perfect material

balance. The following paragraphs summarize the results for each metal.
Mercury

The mercury content of coal feed and flue gas streams dominated the material
balance calculations. Only for the ESP did the mercury mass flow rate from a solid stream
(in the case of ESP hopper ash) make up as much as three percent of the mercury in one of
the system’s flue gas streams.

Table IV-1 shows that the combined mercury content of the three streams
exiting the boiler equaled 48 to 110 percent (average 73 percent) of the measured mercury
content of the feed coal.

The mercury content of the two streams exiting the ESP equaled 120 to 199
percent (average 165 percent) of the measured mercury content of the flue gas exiting the
furnace and entering the ESP.

Considering the boiler and ESP together, the mercury content of the four
streams exiting these devices equaled 94 to 130 percent (average 111 percent) of the
measured mercury content of the feed coal.

The mercury content of the two streams exiting the SNRB™ equaled 134 to
224 percent (average 178 percent) of the measured mercury content of the flue gas entering
the SNRB™ and of the hydrated lime introduced into the SNRB™ process.

The results of the material balance calculation for thé average of the three runs
are shown in Figure IV-2. Mass flow rates of mercury are shown in Ib/hr x 103, The
values for the boiler can be found in the fourth column (labelled average) in Rows 28, 29,
32, and 35 on the spreadsheet for mercury in Appendix E. The values shown for the ESP
can be found in Rows 39, 40, and 43. The values for the boiler and ESP together can be
found in Rows 32, 35, 40, 43, and 47. The values for the SNRB™ system can be found in
Rows 51, 54, 57, and 58. These values are also summarized for all elements in Tables IV-
16, IV-17, and IV-18 presented at the end of this section.
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hromium

Table IV-2 shows that the chromium content of the three streams exiting the
boiler equaled 44 to 131 percent (average 84 percent) of the measured chromium content of
the feed coal.

The chromium content of the two streams exiting the ESP equaled 79 to 421
percent (average 222 percent) of the measured chromium content of the flue gas exiting the
boiler and entering the ESP. These results reflect a consistent mass flow of chromium out of
the ESP in collected ash (1.430 1 0.013 Ib/hr) and measured incoming chromium in flue gas
of 0.869, 0.342, and 1.782 Ib/hr for Runs 1, 2, and 3, respectively. The relatively low
value of 0.342 Ib/hr for Run 2 resulted in the high value of 421 percent for the material
balance closure.

Considering the boiler and ESP together, the chromium content of the four
streams exiting these devices equaled 99 to 112 percent (average 107 percent) of the
measured chromium content of the feed coal.

The chromium content of the two streams exiting the SNRB™ equaled 69 to
326 percent (average 176 percent) of the measured chromium content of the flue gas entering
the SNRB™ and of the hydrated lime introduced into the SNRB™ process.

Cadmium

Because no cadmium was found in the pulverized coal being fired, no ratio
could be determined to express the relationship between the cadmium content of the three
streams exiting the boiler and the cadmium content of the feed coal.

Table IV-3 shows that the cadmium content of the two streams exiting the ESP
equaled 57 to 919 percent (average 378 percent) of the measured cadmium content of the flue
gas entering the ESP. The extremely high value for closure of the material balance for Run
2 is attributed to the low measured input rate of 1.9 x 10 Ib/hr of cadmium compared to
values of 9.4 x 10 and 16.3 x 10" for Runs 1 and 3. Cadmium in the output streams of the
ESP system was all found in the ESP hopper ash at Location 11.
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Considering the boiler and ESP together, because no cadmium was found in
the pulverized coal being fired, no ratio could be determined to express the relationship
between the cadmium content of the four streams exiting these devices and the cadmium
content of the feed coal.

The cadmium content of the two streams exiting the SNRB™ equaled 2 to 94
percent (average 34 percent) of the measured cadmium content of the flue gas entering the
SNRB™ and of the hydrated lime introduced into the SNRB™ process. The measured input
rates in the flue gas were 0.21, 0.043, and 0.38 x 10 Ib/hr for Runs 1, 2, and 3. The
measured output rates in the flue gas were 0.012, 0.040, and 0.007 x 10- Ib/hr. The value
of 0.012 x 107 Ib/hr for Run 1 does not include material from the front half of the sample

train, which was lost during sample preparation.
Nickel

Table IV-4 shows that the nickel content of the three streams exiting the boiler
equaled 47 to 106 percent (average 73 percent) of the measured nickel content of the feed
coal. Process streams 1, 2, 8, and 9 provided significant nickel levels for the material
balance calculations.

The nickel content of the two streams exiting the ESP equaled 80 to 354
percent (average 196 percent) of the measured nickel content of the flue gas entering the
ESP. The incoming flue gas and outgoing ESP hopper ash contained essentially all the
nickel in the material balance calculation. A relatively low value for incoming nickel for
Run 2 (194 x 1073 1b/hr compared to the average of 479 x 107 Ib/hr) resulted in the high
value of 354 percent for the material balance.

Considering the boiler and ESP together, the nickel content of the four streams
exiting these devices equaled 90 to 93 percent (average 91 percent) of the measured nickel
content of the feed coal.

The nickel content of the two streams exiting the SNRB™ equaled 51 to 439
percent (average 202 percent) of the measured nickel content of the flue gas entering the
SNRB™ and of the hydrated lime introduced into the SNRB™ process. The high value of 439
percent for Run 2 resulted from relatively low measured input of nickel to the SNRB™

system combined with relatively high measured output (compared to the other two runs).

IV-14



Table IV-5 shows that the barium content of the three streams exiting the
boiler equaled 30 to 77 percent (average 48 percent) of the measured barium content of the
feed coal. Process streams 1, 2, 8, and 9 played a major role in the material balance
calculation. The barium concentration in process stream 2 averaged about 2.3 times that of
process stream 10.

The barium content of the two streams exiting the ESP equaled 76 to 296
percent (average 200 percent) of the measured barium content of the flue gas exiting the
furnace and entering the ESP. The material balance calculation for the ESP was driven by
process streams 2 and 11.

Considering the boiler and ESP together, the barium content of the four
streams exiting these devices equaled 60 to 63 percent (average 62 percent) of the measured
barium content of the feed coal.

The barium content of the two streams exiting the SNRB™ equaled 7 to 28
percent (average 19 percent) of the measured barium content of the flue gas entering the
SNRB™ and of the hydrated lime introduced into the SNRB™ process. The SNRB™ system
had input flow of barium in the flue gas of 26.2, 21.8, and 89 x 10 Ib/hr for Runs 1, 2,
and 3, respectively. Input from the lime averaged 6.1 x 10 1b/hr, and output from the
baghouse averaged 7.1 x 1073 Ib/hr.

Cobalt

Table IV-6 shows that the cobalt content of the three streams exiting the boiler
equaled 45 to 181 percent (average 102 percent) of the measured cobalt content of the feed
coal. As was the case for barium, process streams 1, 2, 8, and 9 played a major role in the
material balance calculation for cobalt.

The cobalt content of the two streams exiting the ESP equaled 62 to 309
percent (average 170 percent) of the measured cobalt content of the flue gas entering the
ESP. A low value for the input stream for Run 2 again caused the material balance closure
to have a high value. The input mass flows of cobait for Runs 1, 2, and 3 were 161, 57,
and 385 x 107 1b/hr (based on Location 2 data).
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Considering the boiler and ESP together, the cobalt content of the four streams
exiting these devices equaled 77 to 126 percent (average 103 percent) of the measured cobalt
content of the feed coal.

The cobalt content of the two streams exiting the SNRB™ equaled 60 to 178
percent (average 106 percent) of the measured cobalt content of the flue gas entering the
SNRB™ and of the hydrated lime introduced into the SNRB™ process. Process streams 2, 3,
and 6 predominated the material balance calculation. The average mass flow rates of cobalt
in these three process streams was 4.7, 3.4, and 7.1 x 107 Ib/hr.

Manganese

Table IV-7 shows that the manganese content of the three streams exiting the
boiler equaled 40 to 109 percent (average 71 percent) of the measured manganese content of
the feed coal. The lowest value of 44 percent for Run 2 is a consequence of a relatively low
mass flow out in process stream 2.

The manganese content of the two streams exiting the ESP equaled 70 to 472
percent (average 239 percent) of the measured manganese content of the flue gas entering the
ESP. The ESP calculations were again dominated by process streams 2 and 11. The input
flow of manganese from Run 2 was relatively low yielding the high closure of 472 percent.
The output in the flue gas (stream 12) was variable (0.77, 44, 3.8 x 10 Ib/hr), but this
stream had a negligible influence on the material balance for manganese.
| Considering the boiler and ESP together, the manganese content of the four
streams exiting these devices equaled 87 to 90 percent (average 88 percent) of the measured
manganese content of the feed coal. ,

The manganese content of the two streams exiting the SNRB™ equaled 64 to
339 percent (average 183 percent) of the measured manganese content of the flue gas
entering the SNRB™ and of the hydrated lime introduced into the SNRB™ process. The input
mass flow of manganese in the flue gas was relatively low for Run 2 yielding the high
closure of 339 percent. The average mass flow rates o'f manganese for process streams 2, 3,
6, and 7 were 23.1, 2.3, 30.3, and 0.02 x 1073 Ib/hr. '
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Table IV-8 shows that the vanadium content of the three streams exiting the
boiler equaled 48 to 117 percent (average 78 percent) of the measured vanadium content of
the feed coal.

The vanadium content of the two streams exiting the ESP equaled 97 to 281
percent (average 178 percent) of the measured vanadium content of the flue gas entering the
ESP. The high closure of 281 percent for Run 2 resulted from a relatively low measured
concentration of vanadium in the input stream to the ESP.

Considering the boiler and ESP together, the vanadium content of the four
streams exiting these devices equaled 90 to 116 percent (average 101 percent) of the
measured vanadium content of the feed coal.

The vanadium content of the two streams exiting the SNRB™ equaled 79 to
327 percent (average 190 percent) of the measured vanadium content of the flue gas entering
the SNRB™ and of the hydrated lime introduced into the SNRB™ process. The relatively
high closure value of 327 percent for Run 2 was the result of the combination of the lowest
value of the three runs for the flue gas input and the highest value of the three runs for the
SNRB™ solids outflow.

Beryllium

Table IV-9 shows that the beryllium content of the three streams exiting the
boiler equaled 78 to 125 percent (average 94 percent) of the measured beryllium content of
the feed coal. |

The beryllium content of the two streams exiting the ESP equaled 76 to 343
percent (average 190 percent) of the measured beryllium content of the flue gas entering the
ESP. The high value of 343 percent for closure on beryllium in Run 2 is a consequence of
the relatively low input flow.

Considering the boiler and ESP together, the beryllium content of the four
streams exiting these devices equaled 104 to 165 percent (average 125 percent) of the
measured beryllium content of the feed coal.
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The beryllium content of the two streams exiting the SNRB™ equaled 0 to 180
percent (average 73 percent} of the measured beryllium content of the flue gas entering the
SNRB™ and of the hydrated lime introduced into the SNRB™ process. The spread in the
closure for beryllium in the SNRB™ system is in part a consequence of the very low
concentrations in the system. Process streams 2 and 6 had values ranging from 0 to 2.4 x

103 Ib/hr. No beryllium was found in process streams 3 and 7.

Arsenic

Table IV-10 shows that the arsenic content of the three streams exiting the
boiler equaled 56 to 161 percent (average 115 percent) of the measured arsenic content of the
feed coal.

The arsenic content of the two streams exiting the ESP equaled 286 to 608
percent {(average 413 percent} of the measured arsenic content of the flue gas entering the
ESP. The closure on material balances for arsenic was high for all runs for the ESP, boiler
and ESP, and SNRB™ system.

Considering the boiler and ESP together, the arsenic content of the four
streams exiting these devices equaled 317 to 415 percent (average 366 percent) of the
measured arsenic content of the feed coal.

The arsenic content of the two streams exiting the SNRB™ equaled 396 to 716
percent (average 556 percent) of the measured arsenic content of the flue gas entering the
SNRB™ and of the hydrated lime introduced into the SNRB™ process.

Lead
Table IV-11 shows that the lead content of the three streams exiting the boiler
equaled 29 to 48 percent (average 39 percent) of the measured lead content of the feed coal.

The lead content of the two streams exiting the ESP equaled 133 to 249
percent (average 174 percent) of the measured lead content of the flue gas entering the ESP.
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Considering the boiler and ESP together, the lead content of the four streams
exiting these devices equaled 56 to 65 percent (average 61 percent) of the measured lead
content of the feed coal.

The lead content of the two streams exiting the SNRB™ equaled 50 to 104
percent (average 77 percent) of the measured lead content of the flue gas entering the
SNRB™ and of the hydrated lime introduced into the SNRB™ process.

Antimon

Because no antimony was found in the pulverized coal being fired, no ratio
could be determined to express the relationship between the antimony content of the three
streams exiting the boiler and the antimony content of the feed coal.

Table IV-12 shows that the antimony content of the two streams exiting the
ESP equaled 143 to 163 percent (average 153 percent) of the measured antimony content of
the flue gas exiting the furnace and entering the ESP.

Considering the boiler and ESP together, because no antimony was found in
the pulverized coal being fired, no ratio could be determined to express the relationship
between the antimony content of the four streams exiting these devices and the antimony
content of the feed coal.

The antimony content of the two streams exiting the SNRB™ equaled 56 to 76
percent (average 66 percent) of the measured antimony content of the flue gas entering the
SNRB™ and of the hydrated lime introduced into the SNRB™ process. Flue gas into SNRB™
and baghouse collected ash out of SNRB™ accounted for essentially all of the measured

antimony.
leni
Table IV-13 shows that the selenium content of the three streams exiting the
boiler equaled 30 to 102 percent (average 61 percent) of the measured selenium content of

the feed coal. The low closure values for Runs 1 and 2 result from a 50 percent higher input
rate and output rates that were 73 and 45 percent of that for Run 3.
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The selenium content of the two streams exiting the ESP equaled 62 to 120
percent (average 98 percent) of the measured selenium content of the flue gas exiting the
furnace and entering the ESP. Selenium was a significant factor in all three process streams
for the material balance. This reflects the partitioning between the vapor and solid phases
that is characteristic of selenium at these temperatures.

Considering the boiler and ESP together, the selenium content of the four
streams exiting these devices equaled 35 to 65 percent (average SO percent) of the measured
selenium content of the feed coal.

The selenium content of the two streams exiting the SNRB™ equaled 90 to 187
percent (average 138 percent) of the measured selenium content of the flue gas entering the
SNRB™ and of the hydrated lime introduced into the SNRB™ process.

Metals: Discussion of Material Balance Results

Examination of the above results for material balances on the thirteen metals

of interest shows that:

. The amount of metals accounted for in the three streams exiting the
boiler (Locations 2, 8, and 9) was less than the metal found in the feed
coal stream (Location 1) except for cobalt and arsenic.

o The amount of metals accounted for in the two streams exiting the ESP
(Locations 11 and 12) was significantly greater than the metal found in
the flue gas stream entering the ESP (both for Location 10 and based
on Location 2 data) except for selenium.

. For most metals, there was reasonably close agreement between the
amount of metals accounted for in the four streams exiting the boiler
and ESP (Locations 8, 9, 11, and 12) and the metal found in the feed
coal stream (Location 1).

. The relationship between the amount of metals accounted for in the
streams entering and exiting the SNRB™ process was varied, but most
often significantly more metal was found in the streams exiting the
SNRB™ (Locations 6 and 7) than was found in the streams entering the
SNRB™ (Locations 2 and 3).
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These results are most easily explained by concluding that, for most metals,
too little of the metal was measured in the flue gas stream exiting the boiler (both at
Location 10 and at Location 2 from which data for material balances were used). The fact
that the overall material balances for the boiler and ESP together were in reasonable balance
suggests that the data for the metals contents of the feed coal and for the other streams
exiting the boiler and the ESP must have been reasonably correct. Also, the reasonable
balances achieved for the boiler and ESP together suggest that the assumptions made in
performing the material balance calculations were reasonable, at least as concerns the boiler
and the ESP.

If significantly more metal had been found in the flue gas stream exiting the
boiler, the material balances for the boiler and for the ESP would have more nearly in
agreement. That is, the material balance results for the boiler would be higher and those for
the ESP would be lower. If significantly more metal had been found in the flue gas stream
exiting the boiler, the material balance percentages for metals for the SNRB™ process would
~ have been lower. This would more nearly balance metal entering and exiting for some
metals and produced a greater imbalance for other metals.

The low amount of metal exiting the boiler may be the result of a low bias in
the particulate phase trace metals concentrations. The fly ash entering the ESP (or exiting
the boiler) -- Locations 10 and 2 -- would be expected to be similar in concentration with the
ash collected by the ESP and the ash that drops out in the economizer. A comparison of
metal concentrations at these locations is provided in Table IV-14. The metal concentrations
in coal feed ash is also included for further comparison.

Note that the average particulate loadings used to calculate the data presented
in Table IV-14 were derived from Method 26A samples, rather than the Method 29 samples
analyzed for trace metals.

As Table IV-14 shows, the concentration of the fly ash collected at Location 2
(exiting the boiler and entering the SNRB™) more closely compares with the concentrations
of the economizer ash and the ESP ash than does the fly ash collected at Location 10 (exiting
the boiler and entering the ESP). This comparison strengthens the suggestion that sampling
difficulties may have affected the validity of collected samples at Location 10 (see Section
VII and Page I11-32). The use of Location 2 data for material balances is supported by this -
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TABLE 1V-14. COMPARISON OF METAL CONCENTRATIONS (ug/g)

Fly Ash
Coal Feed Entering Fly Ash Economizer
Ash® SNRB™ Entering ESP Ash ESP Ash
(Location 1) (Location 2)  (Location 10) (Location 9) (Location 11)

Cr 125 92 42 120 124
cd ND® 0.85 0.3 8 1
Ni 67 44 19 53 52
Ba 394 182 19 190 233
Co 19 19 7 16 19
Mn 158 92 41 144 134
\Y 186 132 66 147 158
Be 5.8 53 2 6 6
As 42 54 34 67 194
Pb 44 22 14 5 14
Sb ND 0.99 0.9 0.8 1.4

(a) Calculated using average coal ash value of 12 percent and metal concentration in coal
(ug/g) from Table III-18 and III-20.
(b) ND = Not detected.

comparison. Use of Location 2 data provides improved material balances over use of

Location 10 data. For example, the average material balance closure for nickel across the
boiler and the ESP would be 47 and 390 percent using Location 10 data but is 73 and 196
percent using Location 2 data, as presented here. However, while use of Location 2 data

improves material balances, the trend noted above still exists to some extent.

rial nce Results When tliers are Elimin

To assess the influence of extreme values of trace metal concentrations on
material balance calculations, the data were screened and new material balance calculations
were made. To screen the data the average and standard deviations of trace metal mass flow
rates in the process streams were calculated. If either of the low or high values for the three
runs was outside one standard deviation, it was eliminated and a new average value was
calculated for use in the material balance., For several sets of data, the three values were

widely dispersed with no one value dutside the range of + one standard deviation. Then all
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three values were used in the average. For several process streams and some metals, the
data at the ESP or SNRB™ outlet were widely scattered, but these streams did not signifi-
cantly affect the material balance. Then, of course, this procedure of screening the data had
no significant effect on the material balance. The results of this exercise are shown in Table
IV-15. Compared to the average values shown in Tables IV-1 through IV-13, the material
balance closures shown in Table IV-15 show marked improvement for the ESP. This
improvement reflects the change in input mass flow rate to the calculation, Nevertheless,
considering all four systems shown in Table IV-15, the closures are still greater than 200
percent or less than 50 percent for five metals. For the entire SNRB™ process, cadmium,

barium, and arsenic have closures outside the range of 50 to 200 percent.
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TABLE IV-15. RESULTS OF MATERIAL BALANCE
CALCULATIONS USING AVERAGE DATA SCREENED
FOR EXTREME VALUES ON INDIVIDUAL RUNS

Material Balance Closure (percent)

Element Boiler ESP Boiler and ESP SNRB™
Hg 73 165 111 155
Cr 84 122 107 101
Cd NC® 108 NC 34
Ni 73 116 91 84
Ba 43 200 62 19
Co 102 100 103 106
Mn 71 123 88 104
Vv 78 126 101 121
Be 94 113 125 73
As 115 316 366 556
Pb 39 136 61 77
Sb NC 153 NC 66
Se 61 98 50 138

(a) NC = not calculated.
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TABLE IV-16. MATERIAL BALANCES FOR BOILER (Ib/hr)

G50 Metal in G56 Metal in G60 Metal in Metal in
Metal Pulverized Coal Bottom Ash Economizer Ash Flue Gas
Mercury 0.016 0 0.000004 0.012
Chromium 1.85 0.39 0.14 1.00
Cadmium 0 0.010 0.010 0.009
Nickel 1.01 0.19 0.06 0.48
Barium 5.98 0.64 0.22 1.97
Cobalt 0.29 0.058 0.019 0.20
Manganese 2.40 0.51 0.17 1.00
Vanadium 2.82 0.52 0.17 1.43
Beryllium 0.084 0.018 0.007 0.057
Arsenic 0.63 0.017 0.078 0.59
Lead 0.67 0.022 0.006 0.24
Antimony 0 0.0004 0.0003 0.011
Selenium 0.34 0 0 0.19

TABLE IV-17. MATERIAL BALANCES FOR ESP (lb/hr)
Metal in Metal in Metal in

Metal Incoming Flue Gas ESP Catch Exiting Flue Gas
Mercury 0.012 0.004 0.014
Chromium 1.00 1.43 0.0016
Cadmium 0.009 0.014 0
Nickel 0.48 0.66 0.0001
Barium 1.97 2.78 0.0016
Cobalt 0.20 0.21 0
Manganese 1.00 1.40 0.02
Vanadium 1.43 2.09 0.0015
Beryllium 0.057 0.075 0
Arsenic 0.59 2.23 0.005
Lead 0.24 0.38 0.00008
Antimony 0.011 0.016 0.00009
Selenium 0.19 0.12 0.05

Iv-25




TABLE 1V-18. MATERIAL BALANCES FOR SNRB™ PROCESS (lb/hr)

Metal in Metal in Metal in Metal in
Metal Incoming Flue Gas Sorbent Baghouse Catch  Exiting Flue Gas
Mercury 0.00028 0 0 0.00046
Chromium 0.023 0.0006 0.028 0.0001
Cadmium .0002 0 0 0.00002
Nickel 0.011 0 0.012 0.001
Barium 0.046 0.006 0.007 0.000004
Cobalt 0.0047 0.0034 0.0071 0.00003
Manganese 0.023 0.002 0.030 0.00002
Vanadium 0.033 0.002 0.051 0
Beryilium 0.0013 0 0.0006 0
Arsenic 0.013 0.0007 0.063 0.00004
Lead 0.0054 0 (.0033 0.000017
Antimony 0.0002 0.0006 0.0005 0.00003
Selenium 0.0043 0 0.0049 0
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V. EMISSION FACTORS

Emission factors for ash matter and trace substances were calculated for flue
gas streams leaving the boiler (Location 10), the ESP (Location 12), and the SNRB™ process
(Location 7). Sample calculations are shown in Appendix D. Average values from field
train blanks were subtracted from values measured in flue gas samples to calculate levels of
substances. Where indicated by the ND flag, the substance was not detected or was detected
at a level below the level in the train blank. In this case, the emission factor presented is
calculated from half of the detection limit. Results are shown in Tables V-1 through V-10.
Emission factors are shown for each sampling day and for the average value. The standard
deviation and the 95 percent confidence interval are also shown. Standard deviations were

calculated using the following:

Where less than three data were available, standard deviations were considered meaningless
and were not calculated,

Ninety-five percent confidence intervals were calculated by multiplying the
standard deviation by a value extracted from t-test tables for the 0.975 interval and three data
points (4.303) and dividing by the square root of the number of data points (3).
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TABLE V-1. EMISSION FACTORS FOR ASH EXITING THE BOILER,
ESP, AND SNRB™®
95%
Standard Confidence
System 4/26/93 5/1/93 5/2/93 Average  Deviation Interval (1)
Boiler 5.78 6.02 8.69 6.83 1.62 4.0
ESP 0.047 0.055 0.033 0.045 0.011 0.03
SNRB™ 0.037 0.027 0.018 0.027 0.009 0.02

(a) Values in 1b/10E06 BTU.



TABLE V-2. EMISSION FACTORS FOR METALS EXITING THE ESP

Emission Factor {Ib/10E12 BTU)

95%
Standard Confidence

Metal 4/27/93 4/29/9 4/30/93 Averagela)  Deviation Interval {+/-)
Chromium 0.07 1.78 0.87 0.9 0.85 212
Cadmium ND< 6.60 ND< 6.59 ND< 6.62 6.60 # 0.01 0.03
Nickel ND< 7.92 ND< 7.91 ND<  7.94 792 # 0.02 0.04
Barium *ND< 6.60 3.00 *ND< 6.62 541 # 2.09 5.18
Cobalt ND< 7.92 ND<  7.91% ND< 7.94 7.92 # 0.02 0.04
Manganese 0.49 27.86 2.41 10.25 15.28 37.95
Vanadium | ND<  7.04 2.71 0.46 3.40 # 3.35 8.31
Beryilium ND< 6.60 ND< 6.59 ND< 6.62 6.60 # 0.01 0.03
Arsenic 1.57 5.61 1.63 2.93 2.31 5.75
Lead *ND< 0.1 0.05 ND<  0.11 0.09 # 0.04 0.09
Antimony 0.11 0.09 0.04 0.08 0.04 0.09
Selenium 74.46 5.52 9.95 29.98 38.59 95.86
Mercury 7.92 8.51 9.89 8.77 1.01 2.51

(a)# indicates average emission factor calculated from one or more non-detect values.




TABLE V-3. EMISSION FACTORS FOR METALS EXITING SNRB™

Emission Factor (Ib/10E12 BTU)
95%
Standard Confidence
Metal 4/27/93 4/23/93 4/30/93 Average(c) Deviation Interval {+/-)
Chromium ND< 6.29 10.40 *ND< 6.27 7.65 # 2.38 5.91
Cadmium 0.33 1.1 ND< 7.53 299 # 3.95 9.81
Nickel 2.50 89.82 ND< 9.03 33.78 ¥ 48.64 120.84
Barium ND< 7.54 0.30 *ND< 7.52 5.12 # 4.17 10.38
Cobalt ND< 9.05 2,73 ND< 9.03 6.94 # 3.65 9.06
Manganese [*ND< 7.54 1.28 0.24 3.02 # 3.95 9.81
Vanadium ND< 8.17 ND< B8.09 ND< 8.03 8.10 # 0.07 0.18
Baryliium ND< 7.54 ND< 7,59 ND< 7.53 7.55 # 0.03 0.08
Arsenic NS{a) 2.18 0.27 1.22 NC(b) NC
Lead NS 0.81 ND< 0.20 0.51 # NC NC
Antimony NS 1.81 ND< 0.05 0.78 # NC NC
Selenium NS *ND< 0.10 ND< 0.09 010 # NC NC
Mercury 11.05 11.27 16.11 12.48 2.28 5.67

{a) NS indicates no sample data.
{b] NC indicates not calculated because too few data.
{c) # indicates -average emission factor calculated from one or more non-datect values.
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VI. CONTROL EQUIPMENT REMOVAL EFFICIENCIES

Removal efficiencies for particulate matter and trace substances were
calculated using measured concentrations of substances corrected for field blank levels.
These calculations are reported for those substances for which the calculations are meaningful
as a group. Sample calculations can be found in Appendix D, with a summary of results in
Appendix E. Results are presented in Tables VI-1 to VI-3 for ash and elements. Particulate
matter removal efficiencies for the ESP and SNRB™ system are shown in Table VI-1.

Tables VI-2 and VI-3 show removal efficiencies for the ESP and the SNRB™
process for 13 metals. Removal efficiencies through the ESP process were calculated using
Location 2 data as the inlet concentration,

The removal efficiencies for metals may be low because the material balance
calculations pointed to reporting of low concentrations of metals in the flue gas leaving the
boiler (inlet to the ESP Location 10 and SNRB™ Location 2). If these inlet concentrations of
metals are low, then the calculated efficiencies for metals across the ESP and SNRB™ are
also low. Nevertheless the results of the calculations show that for all metals except mercury
and selenium, there was a reduction of emissions of elements of more than 95 percent in the
ESP. The average removal efficiencies for mercury and selenium were -27 and 74 percent,
respectively.

For all metals except mercury, cadmium, nickel, and antimony, there was a
reduction in flue gas concentration in excess of 97 percent through the SNRB™ process. The
‘reductions for mercury, cadmium, nickel, and antimony were calculated to be 0, 66, 75, and
90 percent. For six of the metals, the removal efficiency of the SNRB™ process was equal to
or greater than that of the ESP. No beryllium emissions were detected exiting either the ESP
or SNRB™ process.

If, as suspected, the metals content of the flue gas stream exiting the boiler is
underreported, the removal efficiencies for both the ESP and the SNRB™ process would have
been greater than the values shown in both Tables VI-2 and. VI-3.
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TABLE VI-1. REMOVAL EFFICIENCIES OF THE ESP AND
SNRB™ FOR PARTICULATE MATTER® -

——————————————— — ———— ————_________— —————_ ____————— ]

95%
Standard Confidence
Control System 4/26/93 5/1/93 5/2/93  Average  Deviation Interval ()

ESP® 99.18 99.07 99.62 99.29 0.29 0.72
SNRB™®) 99.37 99.56 99.8 99.57 0.22 0.93

(a) Values given in percent.
(b) Using Location 2 as inlet condition.
(c) SNRB™ process overall; the baghouse collection efficiency would be higher.

TABLE VI-2. REMOVAL EFFICIENCIES OF THE ESP FOR METALS
(BASED ON LOCATION 2 DATA)

Removal Efficiency (percent)

95%

‘ Standard Confidence
Metal 4127193 4/29/93 4/30/93 Average Deviation Interval (+)
Mercury -60® -33 12.4 -27 37 91.92
Chromium 99.97 99.13 99.91 99.67 0.47 1.16
Cadmium 100® 100 100 100 0.00 0.00
Nickel 100 99.83 100 99,94 0.10 0.24
Barium 100 99.5 100 99,83 0.29 0.72
Cobait 100 100 100 100 0.00 0.00
Manganese %9.91 85.45 99.79 95.05 8.31 20.65
Vanadium 100 99.48 99,98 99 .82 0.29 0.73
Beryllium 100 100 100 100 0.00 0.00
Arsenic 99.61 97.69 99.65 98.93 1.12 2.78
Lead 100 99.84 100 99.95 0.09 0.23
Antimony 98.56 99.01 99.71 99.09 0.58 1.44
Selenium 37.10 92.35 93.80 74.43 32.00 79.50

— —— T —

(a) A negative value indicates outlet concentration exceeded inlet concentration. When a negative

value occurred, a value of zero was used in determining average, standard deviation, and
confidence intervals.

) 100 indicates that the metal was not detected or was not detected at a level greater than the
field blank in the outlet stream.
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TABLE VI-3. REMOVAL EFFICIENCIES OF SNRB™ FOR METALS

Removal Efficiency (percent)

95%

: Standard Confidence
Metal 4/27/93 4/29/93 4/30/93 Average Deviation Interval (+)
Mercury -123.8® -75.1 -33.8 -77.8 NC NC
Chromium 100® 95.1 100 98.4 2.83 7.03
Cadmium 94.4 5.8 98.2 66.2 52,28 129.89
Nickel 98.99 26.4 100 75.1 42.20 104.85
Barium 100 99.95 100 99.98 0.03 0.07
Cobalt 100 92.5 100 97.5 4.33 10.76
Manganese 100 99.33 99.98 99.77 0.38 0.95
Vanadium 100 100 100 100 0 0
Beryllium 100 100 100 100 0 0
Arsenic NS®©. 99.12 99.95 99.53 NC@ NC
Lead ‘ NS 99.03 100 99.51 NC NC
Antimony NS 79.6 100 89.8 NC NC
Selenium NS 100 100 100 NC NC

(a) A negative value indicates outlet concentration exceeded inlet concentration. When a negative
value occurred, a value of zero was used in determining average, standard deviation, and
confidence intervals.

(b) 100 indicates that the metal was not detected or was not detected at a level greater than the
field blank in the outlet stream.

© NS indicates no sample data.

(1)) NC indicates not calculated because only two data points or because the result would not be
meaningful.
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Table VI-4 reports removal efficiencies through the ESP and SNRB™ process
for fluoride and chloride. The data indicate that the ESP did not remove any fluoride or
chloride, and the outlet concentrations were measured to be greater than the inlet
concentrations. The SNRB™ process removed 84 percent of the fluoride and 96 percent of
the chioride.
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VII. DATA EVALUATION
A rati n

The boiler and SNRB™ system were operated within the allowable range of
parameters (Tables II-2 and II-3) except ammonia feed rate for the test. Selected operating
parameters are summarized in Tables VII-1 to VII-3. Daily averages were computed from
readings taken at half-hour intervals for the boiler and half-hour intervais on the first day and
45-minute intervals on succeeding days for the SNRB™ system. Process data sheets, with
individual data for the selected parameters presented in Tables VII-1 to VII-3 and other
parameters, are presented in Appendix F.

For the boiler, the daily average generation rate ranged between 150.7 and
152.5 MW, with a maximum daily standard deviation of 2.8 MW. The daily average steam
generation rates ranged between 1.128 and 1.139 x 10° pounds of steam per hour. The daily
average excess oxygen ranged between 3.23 and 3.55 percent.

Average measured flue gas conditions at the five flue gas sampling locations
are listed in Table VII-4. The standard deviations are shown in parentheses. Measured flue
gas temperature, moisture, and flow during metals and SVOC sampling are quite uniform.
Greater variation relative to the mean is seen in the mass loading data.

The ESP also operated at essentially steady-state conditions throughout the test
as evidenced by periodic measurements of voltages and currents.

The only problem that was encountered with the boiler system during the test
was numerous times that a pin on a mill was sheared disrupting the coal feed rate. When
this occurred, a pulverizer was taken out of service temporarily, and the unit load dropped a
little. When a pulverizer was taken out of service, sampling was suspended until about five
minutes after the pulverizer was returned to service. This usually was less than an hour in
duration. Some of these events are attributed to the wetness of the coal during the test.
Heavy rain occurred the night before the first day of sampling.
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TABLE VII-1. PROCESS DATA FOR THE BOILER®

Generation Steam Generation Excess Oxygen Coal Feed Rate
Test Date Rate (MW) Rate (10E3 1b/hr) (percent) (ton/hn)®

4126 1517 1128.6 3.4 63.1
(0.90) (5.6) (0.33)

4/27 - 152.5 1139.1 3.45 63.1
(0.63) (7.2) 0.36)

4/29 151.7 1133.2 3.5 63.1
(2.32) (22.0) 0.77)

4/30 151 1130.9 3.23 63.1
2.75) (15.7) (0.47)

5/01 151.2 1128.6 3.55 63.1
(1.51) (8.5) (0.46)

5102 150.7 1127.6 343 63.1
0.66) 8.6) 0.54)

(a) Values given are averages and standard deviations (in parentheses).

(b) Average for test period.
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TABLE VII-2. PROCESS DATA FOR THE SNRB™ PROCESS:

OPERATING CONDITIONS®

Excess Oxygen (%)

Feed Rate (Ib/hr)

Test SNRB™ Baghouse Baghouse

Date Inlet Inlet Qutlet Sorbent Ammonia

4/26 4.51 4.41 5.75 476 9*®
(0.35) @.21) (0.36)

4/27 4.55 4.45 5.64 450 9.5%
(0.55) (0.36) (0.33)

4/29 4.35 4,12 5.35 441 9.4*
(0.25) (0.23) {0.22) (24) ©.5)

4/30 4.7 4.4 5.52 458 9.5*
(0.24) 0.22) (0.20) 8.3) (0.4)

5/01 4.65 4.45 5.67 451 8.3*
0.21) (0.16) 0.16) (25) 0.5)

5/02 4.65 4.07 5.55 471 9.9*
0.12) 0.16) 0.20) (8.2) 0.3)

(@) Values given are averages and standard deviations (in parentheses).

(b) Asterisk indicates the value of the parameter was outside of the expected value for SNRB™
operation (given in Table II-2). This results from the higher than expected baghouse inlet NO,
concentration (see Table VII-3).
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TABLE VII-4. AVERAGE FLUE GAS CONDITIONS AT LOCATIONS 2, 5, 7, 10, 12

Particulate
Temperature Moisture Loading Flow Rate
Location (°F) (%) {mg/dscm) (m/s)
2 639 (4) 8.3 (1.8) 8,500 (1,760) 13.2 (0.4)
5 865 (8) 8.6 (0.6) 19,800 (5,380) 14.5 (1.1)
7 793 (3) 7.1 (1.5) 28 9)(a) 16.0 (0.8)
10 317 (0.8) 7.9 (0.4) 8,980 (774) 23.2 (0.6)
12 321 (3) 7.7 (0.3) 52 (13) 23.8 (0.4)

(a) One of three runs does not have a filter weight included (see Table III-2).
(b) Numbers in parentheses are standard deviations.
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The SNRB™ system operated steadily throughout the test. Data on excess
oxygen, feed rates of sorbent and ammonia, and SO, and NO, concentrations are listed in
Tables VII-2 and VII-3. Daily average SO, concentrations at the SNRB™ inlet and baghouse
outlet ranged from 2,252 to 2,525 ppm and from 206 to 296 ppm, respectively. Daily
average NO, levels at the SNRB™ inlet and baghouse outlet ranged from 476 to 524 ppm and
from 29 to 42 ppm, respectively. Although NO, and SO, were not measured at the ESP, the
SNRB™ inlet numbers may be used as approximate values for the ESP inlet.

B. Sampling Assessment

Method Modifications

In this section, modifications to sampling procedures are described which were
deliberately made to improve the quality of the measurements. In most cases, the
modifications were made to avoid vertical flue gas sampling (which would have been very
difficult at the different locations) or to eliminate or minimize problems due to high flue gas
temperature, high dust loading, or high SO, concentration. Deviations formally documented
in the course of the project are provided in Appendix G.

Method 29 - Trace Metals. EPA Method 29 (draft June 1992) was used to
collect samples for determination of trace metals in the flue gas. Quartz or borosilicate glass
one-piece probe/nozzle assemblies were used at all locations except as noted below. Several
modifications to the standard sampling procedures were necessary for SNRB™ air toxics

monitoring. These included:

. SNRB™ inlet (Location 2), baghouse inlet (Location §), and the ESP
inlet (Location 10). A glass cyclone preceding the filter was used to
reduce filter plugging due to the high particulate loading at these
locations.

o SNRB™ inlet (Location 2), baghouse inlet (Location §), and the SNRB™
outlet (Location 7). Flexible, heated, Teflon sample lines were used to
connect the probes to the heated filter box to eliminate the need for
vertical sampling imposed by the sample port configuration. These
lines were less than 10 feet long. A thermocouple was inserted under
the heating sheath to monitor and control line temperature.
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SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the SNRB™
outlet (Location 7). An air-cooled probe was used because the very
high flue gas temperature at these locations -- in excess of 650°F --
would exceed the working temperature of the flexible Teflon sample
lines and Teflon filter.

ESP outlet (Location 12). A Teflon probe liner was used instead of
quartz or glass because the length of the probe would have resulted in
frequent breakage. A quartz nozzle attached with Teflon fittings was
used.

SNRB™ inlet (Location 2), baghouse inlet (Location 5), ESP inlet
(Location 10), and ESP outlet (Location 12). The volume of
HNO,/H,0, solution in impingers 2 and 3 was increased to 500 mL
each to prevent depletion due to the high SO, concentration in the flue
gas.

An acetone rinse of the probe, cyclone, filter housing, and connecting

"front half" glassware was performed and recovered separately with the
filter.

Method 26A - HF i Matter, an ionuclides. EPA
Method 26A (40 CFR 60, Appendix A, revised December 31, 1992) was used to collect
samples for determination of HCl, HF, particulate matter, and radionuclides. The following

modifications to sampling procedures were made:

SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the ESP
inlet (Location 10). A glass cyclone preceding the filter was used to
reduce filter plugging due to the high particulate loading at these
locations.

SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the SNRB™
outlet (Location 7). Flexible, heated, Teflon sample lines were used to
connect the probes to the heated filter box to eliminate the need for
vertical sampling imposed by the sample port configuration. These
lines were less than 10 feet long. A thermocouple was inserted under
the heating sheath to monitor and control line temperature.

SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the SNRB™
outlet (Location 7). An air-cooled probe was used because the very
high flue gas temperature at these locations -- in excess of 650°F --
would otherwise exceed the working temperature of the flexible Teflon
sample lines and Teflon filter.
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ESP outlet (Location 12). A Teflon probe liner was used instead of
quartz or glass because the length of the probe would have resulted in
frequent breakage. A quartz nozzle attached with Teflon fittings was
used.

The normality of the NaOH solution in impingers 3 and 4 was
increased to 0.5N. The volume of solution was maintained at 100 mL.

An additional impinger containing 200 mL of 10 percent H,0, solution
was added prior to the silica gel impinger to remove SO,/H,SO, and
minimize corrosion of the sampling equipment.

An acetone rinse of the probe, cyclone, filter housing, and connecting
"front half" glassware was performed and recovered separately with the
filter to enable particulate loading determination (allowed in the
method, except at the baghouse inlet (Location 5).

At the baghouse inlet (Location 5), samples were collected non-
isokinetically with the nozzle pointed downstream to minimize buildup
of particulate matter on the filter. This was done to reduce the
potential for removal of HCl on the fiiter due to buildup of lime.

M - iculate M n ionuclides. At Location S only, a
separate sample train was used to sample isokinetically for particulate matter and
radionuclides using EPA Method 5 procedures.

Method 0010/23 - Semivolatile Organic Compounds. EPA Method 0010
(SW-846) and EPA Method 23 (40 CFR 60, Appendix A, December 31, 1992) were used for

determination of semivolatile organic compounds including dioxins and furans. The general

procedures of Method 0010 were applied with modifications to incorporate quality

assurance/quality control, and sample recovery procedures of Method 23. Modifications to

the published sampling procedures included:

SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the ESP
inlet (Location 10). A glass cyclone preceding the filter was used to
reduce filter plugging due to the high particulate loading anticipated at
these locations.
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SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the SNRB™
outlet (Location 7). Flexible, heated, Teflon sample lines were used to
connect the probes to the heated filter box to eliminate the need for
vertical sampling imposed by the sample port configuration. These
lines were less than 10 feet long. A thermocouple was inserted under
the heating sheath to monitor and control line temperature.

SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the SNRB™
outlet (Location 7). An air-cooled probe was used because the very
high flue gas temperature at these locations -- in excess of 650°F --
would otherwise exceed the working temperature of the flexible Teflon
sample lines and Teflon filter.

ESP outlet (Location 12). A Teflon probe liner was used instead of
quartz or glass because the length of the probe would have resulted in
frequent breakage. A quartz nozzle attached with Teflon fittings was
used.

An additional impinger containing 200 mL of 10 percent H,O, solution
was added prior to the silica gel impinger to minimize downtime due to
sampling equipment SO,/H,SO, corrosion.

Method 0011 - Formaldehyde. EPA Method 0011 (June 26, 1990) was used
to collect samples for determination of formaldehyde. The sample train did not employ a

filter prior to the impingers. The following modifications to the published sampling

procedures were made:

SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the ESP
inlet (Location 10). A glass cyclone preceding the empty filter housing
was used to collect particulate matter.

SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the SNRB™
outlet (Location 7). Flexible, heated, Teflon sample lines were used to
connect the probes to the heated filter box to eliminate the need for
vertical sampling imposed by the sample port configuration. These
lines were less than 10 feet long. A thermocouple was inserted under
the heating sheath to monitor and control line temperature.

SNRB™ inlet (Location 2), baghouse inlet (Location 5), and the SNRB™
outlet (Location 7). An air-cooled probe was used because the very
high flue gas temperature at these locations -- in excess of 650°F --
would otherwise exceed the working temperature of the flexible Teflon
sample lines and Teflon filter. .
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° ESP outlet (Location 12). A Teflon probe liner was used instead of
quartz or glass because the length of the probe would have resulted in
frequent breakage. A quartz nozzie attached with Teflon fittings was
used. '

° An additional impinger containing 200 mL of 10 percent H,0O, solution
was added prior to the silica gel impinger to remove SO,/H,SO, and
minimize corrosion of the sampling equipment.

Method 18 - Gaseous Organic Compounds. EPA Method 18 (40 CFR 60,
Appendix A, February 13, 1991) was used to collect samples for determination of gaseous

organic compounds. Tedlar bags (15-L) were filled over a 30-minute period using a lung
sampler system. No modifications to the published sampling procedures were made,

Particle Size - Series Cyclones. A 5-stage series cyclone sampler design
developed at Southern Research Institute was used to determine the particle size distribution
in the flue gas at the SNRB™ baghouse inlet (Location 5) and the ESP inlet (Location 10).
Sampling procedures followed the manufacturer’s instruction manual. Samples were

collected isokinetically from a single representative sampling point in the ducts.

Particle Size - Cascade Impactors. Andersen Mark III cascade impactors
were used to determine particle size distribution in the flue gas at the SNRB™ baghouse
outlet (Location 7) and the ESP outlet (Location 12). Sampling procedures followed
procedures outlined in "Procedures for Cascade Impactor Calibration and Operation in
Process Streams” (EPA 600/2-77-004). Reeve-Angel filter substrates were used to avoid
sulfate interference in the measurements. Samples were collected isokinetically at a single

representative sampling point in the ducts.

Process Solids Sampling. Samples of solids entering and leaving the process
were collected following procedures outlined in SW-846 and ASME Performance Test Code

2. No major modifications were necessary.
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The following discussion summarizes events or conditions encountered at each
sampling location as they influence the potential quality of the data. A common problem to
all of the high temperature flue gas sampling locations was frequent plugging of the Method
29 train filters. This is believed to be due to partial melting of the Teflon filter substrates.
The impact of this on the data is that frequent filter changes were required, resulting in
extension of the testing periods and decreased overlap in the sampling period with other
measurements. Also, it meant that more than one filter had to be handled in the field and
laboratory for the time period of sampling. This is not expected to influence the data

significantly.

Location 1 - Coal Feed. Pulverized coal samples were collected by Burger
plant personnel using the International Standards Organization (ISO) rotary probe method
(ISO Draft Standard ISO/TC27/SC 4/WG 3N10). Ten out of a total of 20 burner pipes were
sampled, and the samples were composited. No problems were encountered with the

collection of these samples.

Location 2 - Flue Gas/SNRB™ Inlet.

L Silicon grease was mistakenly applied to the Method 29 sampling train
of Run 2 by the operator to overcome leak problems. This may have
caused contamination of the sample with silicon, an interferant in
sample analysis. The amount of contamination is believed to be small
because the grease was observed upon breakdown of the train by the
recovery team and efforts to minimize contamination were employed.

. Condensate was observed in the sample line and rotameter of the
Method 18 run of April 29 (Run 1). This may have resulted in loss of
some of the soluble gaseous organic compounds from the sample.

. Part of the probe rinse of the Method 0010/23 train was mixed with the
probe rinse for the SNRB™ baghouse inlet (Location 5) due to a sample
recovery error in Run 2. After concurrence with B&W, this combined
rinse (Sample No. 156408) was not analyzed but was placed in archival
storage. The impact of this error on the sample results cannot be
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determined absolutely, although a low bias in the results for this
location would be expected if any.

Location 3 - Sorbent Feed. No problems were encountered.

Location 4 - Ammonia Feed. No sampling activities were planned at this
location.
tion § - Fl /Baghouse Inlet.
. Condensate was observed in the sample line and rotameter of the

Method 18 run of April 29 (Run 1). This may have resulted in loss of
some of the soluble gaseous organic compounds from the sample.

o Part of the probe rinse of the Method 0010/23 train from the SNRB™
inlet (Location 2) was mixed with the probe rinse for this location due
to a sample recovery error in Run 2. After concurrence with B&W,
this combined rinse (Sample No. 156408) was not analyzed but was
placed in archival storage. The impact of this error on the sample
results cannot be determined absolutely, although a low bias in the
results for this location would be expected if any.

Location 6 - SNRB™ Solids. No problems were encountered.

. The filter in the Run 1 Method 29 train was dislodged from the Teflon
frit. This may have resulted in some particulate matter entering the
impingers. This is not expected to affect the data since determination
of solid-gas partitioning was not a project objective and particulate
matter was not determined with the Method 29 train.

. The cascade impactor train of Run 1 appeared to have been backflushed
slightly. Some sample filters were wet upon recovery. This may bias
the results slightly. Since the particulate loading is very low and few
large particles are expected at this location, the bias is expected to be
towards the smaller particles rather than the larger.
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* A bag leak may have developed during the Method 18 run on April 29
(Run 1). This may have diluted the sample with ambient air.
Assuming that ambient concentrations of target substances are
negligible, this is expected to cause dilution of the sample only and
measured concentrations would be less than actual.

J For mercury speciation sampling at the SNRB™ outlet, the samples
showed oxidized mercury breakthrough into the second soda lime trap
(backup trap). Breakthrough may have occurred because of the
unusually high flue gas sampling temperatures (825°F). The elevated
temperature may result in elevated sorbent temperatures for the first
two traps (soda lime), which entend into the flue gas (ref 3). The traps
should be maintained at 212-248°F. Elevated sorbent temperatures can
cause the analyte to migrate. Thus, for the SNRB™ results, the
oxidized forms of mercury should be considered suspect (possible
minimum values). The value for total mercury is not affected by the
sorbent breakthrough.

Location 8 - Bottom Ash. No problems were encountered.

Location 9 - ESP Ash. No problems were encountered.

. Sampling could not be performed through two of the five sampling
ports due to interferences preventing the long sampling probe to be
inserted. Sampling was performed at 8 points through each of the 3
ports for a total of 24 points. This may bias solid-phase results if the
composition or concentration of dust in the duct is not uniformly
distributed. The possible magnitude of the bias cannot be determined.
It may also bias the gas-phase results; however, since this location is
relatively far downstream, the magnitude of the bias is probably small
after accounting for dilution.

o The Method 29 sample trains for Runs 1 and 2 were slightly
backflushed, causing some of the condensate from the first impinger to
enter the filter housing. The other impingers did not appear affected.
No impact on data quality is expected because the amount of
condensate involved was minimal.

o The Method 0011 sample trains for Runs 1 and 2 were backflushed
slightly, causing some of the DNPH solution to enter the filter housing.
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Location 11 - Collected Fly Ash. No problems were encountered.

tion 12 - Flu [ESP

o Condensate was observed in the sample line and rotameter of the
Method 18 run of April 27 (Run 1). This may have resulted in loss of
some of the soluble gaseous organic compounds from the sample.

o The Method 0010/23 train was backflushed during a leak check
between sample ports on May 1 (Run 3).

Isokinetic Summaries

Calculations were performed to document the extent to which isokinetic was
conducted as called for in the QAPP. The results of these calculations are shown in Table
VII-5. Perfect isokinetic sampling would be 100 percent.

Fi ling Audi

An audit of the field sampling activities conducted by EER was performed by
Mr. William Baytos of Battelle as an independent check of field sampling procedures. No
major findings were observed in this audit. The report from this audit is provided in

Appendix H.

C. Laboratory Assessment

Summaries of the quality control data reported and precision and accuracy
results are provided in Tables VII-6 and VII-7, respectively. Laboratory deviations formally
documented during the course of the study are presented in Appendix G.
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TABLE VII-5. ISOKINETIC SUMMARIES

Sample Train/Run Test Date Location 2 Location 5 Location 7 Location 10 Location 12
SvOoC-1 4/26/93 101.88 101.24 96.03 100.28 100.97
SvOoC-2 4/28/93 104.03 97.29 101.22 101.11 101.77
SVOC-3 5/1/93 97.33 100.91 101.42 97.88 100.12
Metals-1 4/27/93 107.30 101.04 100.77 99.63 97.87
Metals-2 4/23/93 106.13 100.02 97.89 100.77 101.13
Metals-3 4/30/93 103.47 103.39 99.51 93.02 101.50
HCI/PART-1 4/26/93 102.12 - 100.64 96.07 101.58
HCI/PART-2 5/1/93 103.42 - 103.95 99.90 102.28
HCI/PART-3 5/2/93 100.89 - 100.16 96.23 98.32
PART-1(a) 4/26/33 - 105.21 - - -

PART-2 5/1/93 - 100.77 - - -

PART-3 5/2/83 - 96.30 - - -

Formaldehyde-1 4/26/93 103.12 106.72 91.99 97.89 99.37
Formalidehyde-2 5/2/93 - - 97.39 99.58 95.51

{a) The Method 5 train was used to collect particulate matter only at Location 5

instead of a Method 26A (HCl/particie) train.
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TABLE VII-7. SUMMARY OF PRECISION AND ACCURACY RESULTS

Accuracy Precision
Target Target
Analyte Class/ How Objective  Actual {a) How Objective  Actual (a)
Sample Matrix Measured {%) (%) Measured {%) (%)
Metals in Gas Samples Spike RPD of
by ICP-AES Recovery Duplicate
Chromium 75-125 99-106 Samples <10 0.09,8
Cadmium 75-125 105 <10 0,5
Nickel 75-125 99-105 <10 0.7, 46 {b)
Barium 75-125 96-103 <10 1,39 (b)
Cobalt 75-125 99-103 <10 18, 45(b)
Manganese 75-125 95-103 <10 01,6
Vanadium 75-125 93-99 <10 0, 21
Beryllium 75125 95-103 <10 25
Metals in Solid Samples Spike "RPD of
by ICP-AES Recovery Dupilicate
Chromium 75-125 90, 97 Samples <10 1,3
Cadmium 75-125 83, 86 <10 10,2
Nickel 715125 84, 88 <10 9,2
Barium 75-125 77,82 <10 82
Cobalt 75-125 81, 104 <10 2,9
Manganese 75-125 81, 86 <10 2,9
Vanadium 75125 78, 84 <10 2.1
Beryllium 75-125 82, 87 <10 0.7, 1
Metals in Gas Samples Spike RPD of
by GF-AAS Recovery Duplicate
Arsenic 75-125 74-109 Samples <10 53-21(c)
Selenium 75-125 72-110 <10 09-22
Lead 75-125 78-116 <10 6-19
Antimony 75-125 77-101 <10 18, 23
Metals in Solid Samples Spike RPD of
by GF-AAS Recovery Duplicate
Arsenic 75-125 78107 Samples <10 11, 17
Selenium 75-125 94-108 <10 24-98
Lead 75-125 84.120 <10 28
Antimony 75-125 87-109 <10 7,29

{a) Except where indicated, range represents range of results for multiple samples, two numbers
separated by comma represents results for two samples, and single number represents resuit

for single sample.

(b) Result for sample with concentrations at or below detection limit.

(c) Excludes outliers of 3000, 176, and 65% RPD for three samples with concentrations at or

_ below detection limit.

(d) Qutlier of 34 percent not included.

{e) Results fall within acceptable concentration range for SRM.

{f} Accuracy and precision results for PAH and dioxins/furans are averages of multiple sampie resuilts.

{g) PAH results within parentheses are averages excluding sampies with poor extraction efficiency
due to high particuiate loading.

(h) Dioxin/furan average results exclude samples with poor extraction efficiency due to high
particulate loading.

(i) NA = Not applicable since analytes not detected in samples.
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TABLE VII-7. (Continued)

Accuracy Precision
Target Target
Anaiyte Class/ How Objective  Actual (3}  How Objective  Actuai(a)
Sample Matrix Measured {%) {%) Measured (%) {%)
Mercury in Gas Samples Spike 75125 90-120 (d) RPD of <10 0-33
by CV-AAS Recovery Duplicate
Samples
Mercury in Solid Samples Spike 75-125 100-106 RPD of <10 0-5
by CV-AAS Recovery Duplicate
Samples

Chloride/Fluoride in SRM RPD of
Gas Sampies by IC Recovery Duplicate

Chioride 75-125 (e} Samples <10 28

Fluoride 75-125 (e) <10 28
Chioride/Fluoride in Spike RPD of
Solid Samples by IC Recovery Duplicate

Chloride 75-125 105 Samples <10 a5

Fluoride 75.125 a7 <10 38
PAH in Gas Samples Spike RSD of
by GC/MS (f) Recovery Replicate
d12-Benzo(k)fluoranthene 50-120 55 (66) (g) Spike <30 37 (12)(g)

d12-Benzo(e)pyrene 50-120 55 (62) (g) | Recoveries <30 36 (15) (g)

(a) Except where indicated, range represents range of results for multiple samples, two numbers
separated by comma represents results for two samples, and single number represents resutt

for single sample.

(b) Result for sample with concentrations at or below detection limit.
(c) Excludes outliers of 3000, 176, and 65% RPD for three samples with concentrations at or

below detection limit.

(d) Outlier of 34 percent not included.
{e) Results fall within acceptable concentration range for SRM.
(f) Accuracy and precision resutts for PAH and dioxins/furans are averages of multiple sample results.

(g) PAH results within parentheses are averages excluding sampies with poor extraction efficiency

due to high particulate loading.
{(h) Dioxin/furan average results exclude samples with poor extraction efficiency due to high

particulate loading.

(i} NA = Not applicable since analytes not detected in samples.
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TABLE VII-7. (Continued)

_Accuracy Precision
Target Target
Analyte Class/ How Objective  Actual (0} How Objective  Actuat{)
Sample Matrix Measured (%) (%) Measured (%) (%)
Dioxins/Furans in Gas Spike RSD of
Samples by GC/MS (f,h) | Recovery Replicate
2378-TCDD-13C12 40-120 91] Spike <40 10
12378-PeCDD-13C12 40-120 86| Recoveries <40 25
123478-HxCDD-13C12 40-120 79 <40 28
123678-HxCDD-13C12 40-120 85 <40 7
1234678-HpCDD-13C12 40-120 74 <40 17
OCDD-13C12 40-120 59 <40 23
2378-TCDF-13C42 40120 73 <40 10
12378-PeCDF-13C12 40-120 59 <40 32
23478-PeCDF-13C12 40-120 68 <40 23
123478-HxCDF-13C12 40-120 36 <40 84
123878-HxCDF-13C12 40-120 40 <40 72
123789-HxCDF-13C12 40-120 66 <40 13
234678-HxCDF-13C12 40-120 €8 <40 15
1234678-HpCDF-13C12 40-120 55 <40 35
1234789-HpCDF-13C12 40-120 58 <40 27
2378-TCDD-37CH4 40-120 a7 <40 4
Carbonyls in Gas Sampies Spike RSD of
by HPLC Recoveries ‘| Triplicate
Formaldehyde 80-120 114122 Samples <10 NA (i)
Acetaldehyde 80-120 85-80 <10 NA
Propionaidehyde 80-120 89-95 <10 NA
Crotonaldehyde 80-120 92-99 <10 NA
Butyraldehyde 80-120 88-91 <10 NA
Benzaldehyde 80-120 110-133 <10 NA

(a) Except where indicated, range represents range of results for multiple samples, two numbers
separated by comma represents resutts for two samples, and single number represents resutt
for single sample.

(b) Resuit for sample with concentrations at or below detection limit.

(¢) Excludes outliers of 3000, 176, and 65% RPD for three samples with concentrations at or

_ below detection limit.
(d) Outlier of 34 percent not included.
{e) Resuilts fall within acceptable concentration range for SRM.

(f) Accuracy and precision results for PAH and dioxins/furans are averages of multiple sample results,

(g) PAH results within parentheses are averages excluding samples with poor extraction efficiency
due to high particulate loading. _ ‘ )
{h) Dioxinffuran average results exclude samples with poor extraction efficiency due to high

particulate loading.
{i) NA = Not applicable since analytes not detected in samples.
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TABLE VII-7. (Continued)

Accuracy Precision
Target Target
Anaiyte Class/ How Objective  Actuat (2] How Objective  Actual(2)
Sample Matrix Measured (%) (%) Measured (%) (%)
VOC in Gas Samples by Spike RPD of
GC/MS Recoveries Duplicate
trichlorofluoromethane 80-120 90} Sampies <10 122
1,1-dichloroethene 80-120 89 <10 9.5
dichloromethane 80-120 86 <10 18.4
3-chloropropene 80-120 106 <10 106
1,1,2-trichloro-1,2,2-ri- 80-120 88 <10 55
flugroethane
1,1dichloroethane 80-120 93 <10 12.2
cis-1,2-dichloroethene 80-120 85 <10 40.7
trichloromethane 80-120 93 <10 13.9
1,2-dichloroethane 80-120 92 <10 2.9
1,1, 1-trichloroethane 80-120 87 <10 28
benzene 80-120 83 <10 129
carbon tetrachloride 80-120 96 <10 11.6
1,2-dichloropropane 80-120 a7 <10 10.3
trichloroethene| 80-120 94 <10 3.3
cis-1,3-dichloropropene 80-120 85 <10 18.4
trans-1,3-dichloropropene 80-120 82 <10 18.0
1,1,2-trichloroethane 80-120 80 <10 8.3
toluene 80-120 77 <10 41
1,2-dibromoethane 80-120 86 <10 91
tetrachloroethens 80-120 86 <10 16
chlorobenzene 80-120 98 <10 1.2
ethylbenzene 80-120 78 <10 49.4
m+p-xylene 80-120 85 <10 28.7
styrene 80-120 €8 <10 10.7
1,1,2,2-tetrachloroethane 80-120 75 <10 9.7
o-xylene 80-120 74 <10 2.7
4-ethyl toluene 80-120 118 <10 50.1
1,3,5-trimethyibenzene 80-120 119 <10 12.0
1,2, 44rimethylbenzene 80-120 83 <10 262
benzyl ¢hloride 80-120 - 41 <10 51.2
m-dichlorcbenzene 80-120 61 <10 70.1
p-dichlorobenzene 80-120 ) o <10 311
o-dichlorobenzene 80-120 €8 <10 3.1
1,2.4-trichlorobenzene 80-120 35 <10 43
hexachlorobutadiene 80-120 39 <10 8.4

(a) Except where indicated, range represents range of results for multiple samples, two numbers
separated by comma represents results for two samples, and single number represents result
for single sample,

{b) Result for sample with concentrations at or below detection limit,

(¢) Excludes outliers of 3000, 176, and 65% RPD for three samples with concentrations at or

. below detection limit.

{d) Outlier of 34 percent not included.

(e) Results fall within acceptable concentration range for SRM.

{f) Accuracy and precision results for PAH and dioxins/furans are averages of multiple sample results.

(g) PAH results within parentheses are averages excluding samples with poor extraction efficiency
due to high particulate loading.

(h) Dioxin/furan average resuits exclude samples with poor extraction efficiency due to high
particulate loading.

(i) NA = Not applicable since analytes not detected in samples.
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1. Trace Elements

QAPP and Method Deviations

Alterations to Method 29 for gas emission samples, to SW-846 Methods 7000,
7470, 7471, and 6010 for solid samples, and to procedures specified in the QAPP include the

following:

° NIST standard reference material 1632b Coal Ash was not analyzed as
a quality control sample because this SRM was not available from
NIST at the time sample analyses were conducted.

. In digesting Method 29 samples in preparation for analysis by GF-
AAS, perchloric acid was not used as noted in the QAPP. Method 29
only indicates use of nitric acid during the sample digestion. No
impact is anticipated because perchloric acid is generally used for
decomposition of organics and no significant concentration of organics
is thought to be present in the impinger solutions. Digestion with nitric
and hydrofluoric acids is expected to be sufficient for digestion of these
samples.

. The fourth impinger rinse, permaganate impinger solutions, and 8N
HClI rinse of the permaganate impingers were combined in preparation
for mercury determination. A 10 mL aliquot was removed after
recording the combined sample volume, and prepared according to EPA
SW-846 Method 7470 for mercury analysis.

. EPA SW-846 Method 7470 for cold vapor atomic absorption
spectrometry (CV-AAS) analysis of mercury does not make mention of
the use of silver amalgamation which was used as an enhancement to
the cold vapor method, however the analysis of samples for mercury
followed Method 7470 in all other technical ways. Incorporation of the
silver wool amalgamation improves overall method sensitivity and is
expected to have no negative effect on the analytical outcome.

o Cadmium was analyzed by ICP-AES instead of GF-AAS as noted in the
QAPP. The levels of cadmium in the Method 29 gas emission samples
and solid process samples originally measured with GF-AAS were
considered to be too high for the GF-AAS instrument, and the analysis
was therefore performed by ICP-AES which exhibits sufficient
sensitivity for Cd for this analysis.
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Calibration Data

Preparation of the front half Method 29 samples (filter and probe
rinses) was complicated by the wide variation in filter catch weights
collected for the various trains. Very large amounts of filter catch
(>25 grams) for several trains yielded a large final volume of the
respective digestate. These larger volumes caused a significant
difference between the volume originally used to calculate expected
detection limits (450 mL) and what were actually generated resulting in
an overall apparent increase in the final method detection limit. In
addition, the matrix varied significantly between those samples with
relatively little catch and those with relatively large amounts of catch.
This complicated the analysis by preventing a closer match between the
matrix used for instrument calibration and the actual sample matrix.

The composited front half Method 29 sample from Run 1 at Location 7
(SNRB™ outlet) was lost during laboratory preparation. The total
metals result from that particular train will be low by not being able to
include the front half contribution.

During preparation of the front half from the Method 29 samples, the
filter field reagent blank, acetone field reagent blank, and 0.1N HNO,
field reagent blank were inadvertently combined with the laboratory
acid blank. This action prevented the differentiation between the field
and laboratory blanks for the Method 29 front half analyses.
Consequently, subtraction of front half reagent blank data from samples
may not be appropriate. Manganese in the front half reagent blank was
detected at a slightly elevated level for an unknown reason. Likewise,
the 8N HCl, KMnO,, and 5% HNO,/10% H,0, field reagent blanks
were combined and analyzed for mercury only as a blank for the
KMNO, impingers rather than analyzed separately. As a result, data
for a back half field reagent blank for all elements, excluding mercury,
are not available. Field reagents were incorporated into the train
blanks processed with the Method 29 samples. Subtraction of train
blanks from sample results can correct for background contamination
introduced by field reagents. The train blanks showed relatively low
metal concentrations, relative to the samples, indicating that the field
reagents did not introduce spurious contamination to the samples.

Coal analyses were not conducted by Battelle as stated in the QAPP but
were conducted by Commercial Testing and Engineering Co. (CTE).

The ICP-AES, GF-AAS, and CV-AAS instruments were calibrated before each
analysis. The matrix of the calibration standards was chosen to match as closely as possible
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the digestion matrix of the sample. After calibration, and during analysis, initial calibration
verification (ICV) and continuing calibration verification (CCV) standards were run. The
percent recovery for the ICV and CCV standards are summarized in Table VII-8 for ICP-
AES analysis, Table VII-9 for GF-AAS analysis, and Table VII-10 for CV-AAS analysis,

Results of the calibration verification for ICP-AES analysis were within the
QAPP stated guidelines of 100 + 25 percent in most cases. Note that these recoveries
include correction for the calibration blank results. Instances where particular element
recoveries fell outside the limit were evaluated on an individual basis. Some recoveries for
cobalt, nickel, and vanadium were greater than 100 + 25 percent. The 0.05 ppm ICV
standard is the same standard that was used to calibrate the instrument, and the results from
the analysis of the 0.05 ppm ICV can be compared to the calculated concentration from the
regression. By this comparison, recoveries were determined to be within the QAPP stated
limits, and analysis was resumed.

The GF-AAS system, a Perkin-Elmer Model Zeeman 5000, was standardized
with a set of 0, 10, 25, 50, 100, or 200 ug/L standard calibration solutions prepared from
the method blank solutions for three sets of samples -- Method 29 back-half composites
(BHC), Method 29 front-half composites (FHC), and solid samples. After linear calibration
was established, the initial calibration verification standards were tested to ensure accuracy
and precision of the proper functions of the instrument. The bracket standardizations were
performed to compensate the instrument drift. The samples were also spiked to test the
recovery as well as to use method of standard addition for matrix correction. Table VII-9
presents the recoveries of the ICV standard with linear correlation coefficient better than
0.999. _

Results of the calibration verification for CV-AAS analysis (Table VII-10)
were well within the required 100 + 25 percent objective.

Accuracy from SRM Analyses

Standard reference materials (SRM) 2676d (Metals on Filter Media), SRM
2677a (Beryliium and Arsenic on Filter Media), SRM 1643c (Trace Elements in Water), and
SRM 1633a (Trace Elements in Fly Ash) were analyzed to evaluate analytical accuracy.
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TABLE VII-9. CALIBRATION RESULTS FOR GF-AAS ANALYSIS

b~ -

ICV Standard Concentration
Concentration® Found@® Recovery
Element Sample®? (ug/L) (ug/L) (%)
As BHC 10 13.2 132
25 24.5 98
50 47.9 95.8
100 101.7 101.7
FHC-1 10 9.95 99.5
25 25.44 101.8
50 49.92 99.8
FHC-2 10 11.1 111
25 26.5 105.8
50 52.4 104.9
75 74.8 99.7
FHC-3 10 12.9 129
25 27.3 109
50 50.9 102
SLD-1 20 16.2 80.9
50 48.6 97.1
100 100.5 100.5
200 198 99
SLD-2 10 11.6 116
25 26.6 106
50 50.9 101.8
75 78.3 104.4
100 99.5 99.5
SLD-3 10 13.4 134
25 24 96
50 61.5 122.9
75 82.6 110.1
100 110.45 110.5
200 199.3 99.6

(a) BHC = Method 29 back-half composite, FHC = Method 29 front-half

composite, SLD = solid sample.

(b) Sample identification denotes which sample type the ICV verification is

associated with and the order of ICV analysis.

(¢) ICV standard was prepared by spiking method blank solutions at stated

concentrations.

(d) Concentration found represents average of replicate analyses.
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TABLE VII-9. (Continued)

ICV Standard Concentration
Concentration® Found® Recovery

Element Sample®® (zg/L) (ug/L) (%)
Se BHC-1 10 10.1 101
20 23.4 116.7
40 42.2 105
60 59.7 99.5
BHC-2 25 30.3 121
50 58.2 116.4
75 81.4 108.5
100 105.8 105.8
150 151.3 100.9
FHC-1 25 25.7 102.8
50 53 106
75 78.4 104.5
100 103 103
125 123.6 98.8
FHC-2 10 13 130
25 26.8 107
50 53 106
75 77 102.6
100 100.9 100.9
FHC-3 10 11.7 117
25 27.4 109.8
50 50.4 100.7
Se SLD 25 24.5 98
50 50 100
Pb BHC 10 11.6 116
25 25.8 103
50 50.6 101

(a) BHC = Method 29 back-half composite, FHC = Method 29 front-half

composite, SLD = solid sample.

(b) Sample identification denotes which sample type the ICV verification is

associated with and the order of ICV analysis.

(c) ICV standard was prepared by spiking method blank solutions at stated

concentrations.

(d) Concentration found represents average of replicate analyses.
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TABLE VII-9. (Continued)

ICV Standard Concentration
Concentration® Found®  Recovery

Element Sample®® (ug/L) (ug/L) (%)
Pb FHC-1 10 10.5 105
25 27.2 108.8
50 51.3 102.5
75 71.5 103.3
100 99.6 99.6
FHC-2 10 11.5 115
25 26.1 104
50 51.8 103.6
75 75.2 100.3
SLD-1 25 26.2 104.8
50 51.8 103.5
80 79.6 99.5
100 100.9 100.9
SLD-2 25 26.3 105
50 53.8 107.6
80 79.4 99.3
Sb BHC 10 11.7 117
20 22 110
40 40.5 101
60 61 101.6
SLD 10 9.25 92.5
25 243 97.2
50 49.8 99.6

(a) BHC = Method 29 back-half composite, FHC = Method 29 front-half
composite, SLD = solid sample.

(b) Sample identification denotes which sample type the ICV verification is
associated with and the order of ICV analysis.

(c) ICV standard was prepared by spiking method blank solutions at stated
concentrations.

(d) Concentration found represents average of replicate analyses.



TABLE VII-10. CALIBRATION RESULTS FOR MERCURY CV-AAS ANALYSIS

Percent Recovery

Calibration Standard Concentration
Nominal Concentration (ug/aliq) Found (ug/aliq)
Method 29 Front Half
0.05 0.0587
0.025 0.0195
0.075 0.073
0.025 0.0221
0.075 0.076
Method 29 Back Half
0.05 0.0486
0.05 0.0486
0.075 0.0707
0.025 0.0237
Method 29 KMNQ, Impingers
0.050 0.0504
0.075 0.0718
0.025 0.0229
0.025 0.0233
Solid Process Samples
0.05 0.0486
0.025 0.0229
0.075 0.0786

117
78
97
83

101

97
97
94
95

101
96
92
93

97
92
105

F—
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Recoveries for ICP-AES analysis of Zn, Pb, Cd, Mn, As, and Be on SRM
2676d and 2677a (as shown in Tables VII-11 and VII-12) were within the QAPP limits for
all instances where the concentration was high enough to be detected by the instrument.

Recoveries from the ICP-AES analysis of SRM 1643c (Table VII-13) were
acceptable except for cobalt. The results from the regression curve for cobalt show an error
in the calculated concentration for the 0.02 ppm and 0.05 ppm standards of -31 percent/27
percent (for duplicate analyses) and +20 percent, respectively. The certified level of Co in
SRM 1643c¢ is approximately equal to the instrument detection limit for Co. The low
recovery for Co was evaluated on that basis, and since the recoveries for the other elements
were acceptable, analysis of the rest of the samples was resumed.

Recoveries from the ICP-AES analysis of SRM 1633a (Table VII-14) were
acceptable except for cadmium and barium. The error in the cadmium recovery is believed
to be a result of the low level of cadmium in the matrix and the resulting susceptibility to the
interelement interference correction. This error is expected to affect all other Cd results at
levels approaching the detection limit for Cd in this particular matrix. Spike recoveries
determined separately were, however, acceptable. The error in barium is believed due to an
extrapolated point beyond the highest standard used for calibration. This was only noticed
during data review. It is anticipated that this error will not significantly affect sample data
because actual levels measured in the samples were all below the highest standard used for
calibration.

Results from the GF-AAS analysis of SRM 1633a are presented in Table VII-
15. Recoveries ranged from 97.9 percent to 103.4 percent for the certified values of As, Pb,
and Se. The slightly low value of Sb compared with uncertified value indicated antimony
may be precipitated as antimony oxide during the nitric acid digestion without the presence
of 10 percent (v/v) concentrated HCl. Further method development in minimization of
matrix effect might improve recovery in comparison of the uncertified value.

Difficulty was encountered during CV-AAS analysis of SRM 1633a for
mercury. Samples which yielded acceptable recoveries for the other elements yielded

recoveries for mercury ranging from 150 to 200 percent. This result was repeated for nine
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TABLE VII-11. RESULTS FOR ICP-AES ANALYSIS OF SRM 2676d (FILTER)

Quantity of Material (ug/filter)

Trial Zn Pb Cd Mn
1 Found 11.2 8.1 1.05 2.4
Certified 10.17 7.44 0.97 2.09

% Recovered 110 109 108 115

2 Found 53.9 141 2.9 10.8
Certified 49.47 14,82 2.81 9.83

% Recovered 109 95 104 110

3 Found 108.8 31.9 10.8 21.9
Certified 99.31 29.77 10.04 19.83

% Recovered 110 107 108 110
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TABLE VII-12. RESULTS FOR ICP-AES ANALYSIS OF
SRM 2677a (FILTER)

|

—

As (ug/filter) Be (ug/filter)

Level 1

Level I1

Level III

Level IV

Found
Certified
% Recovered

Found
Certified
% Recovered

Found
Certified
% Recovered

Found
Certified
% Recovered

ND® 0.145
0.269 0.129
- 112
3.19® 0.72
2.69 0.643
119 113
26.5 2.95
26.92 2.58
99 114
ND ND
0.101 0.050

(a) ND indicates not detected.

(b) Based on single analysis.
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TABLE VII-15. RESULTS FOR GF-AAS ANALYSIS OF SRM 1633a

Efement Given Found Recovery

{ugig) luglg {%)
As 145 142 97.9
Pb 72.4 72.8 100.5
Se 10.3 10.7 103.4
Sb 7(a) 6 86

{a) Value not certified by NIST - for information only.
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replicate preparations of the same SRM. Subsequent digestions of the same SRM with
different acids yielded the same high recoveries. Spikes made in the same digestions yielded
acceptable recoveries. Efforts to attain a new SRM from NIST were unsuccessful as NIST is
no longer offering this SRM, and no other similar material would become available within a
useful time frame. It is thought that either the certified value was incorrect, or the sample
was otherwise contaminated.

Results from analysis of SRM 1632a conducted by CTE are presented in the
data reporting form in Figure VII-1.

Accuracy from Spike Recoveries

For ICP-AES analyses, digested samples were spiked at known concentrations
using a multielement standard. Spike levels ranged from 0.5 ppm and 2 ppm. Spikings
were performed in both duplicate and single samples. Spiked sample recoveries are provided
in Table VII-16 for ICP-AES analysis. The percent recoveries for the spikes were all within
acceptable limits.

For GA-AAS analyses, Method 29 back-half composite and front-half
composite digested samples and solid digested samples were diluted to the proper
concentration to meet the linear range of absorption by the specific element to be determined
by graphite furnace atomic absorption (GFAA). The sample test solutions were spiked with
10, 20, 25 or 50 ug/L for the spiked recovery test, as well as for the correction of the
chemical interference, such as matrix effect, by standard addition. The spiked levels on the
solid samples were converted to the spiked content in the original samples in ug/g (ppm).
Repeated measurements for the low concentrations and matrix correction were performed for
better accuracy and precision. The recovery values given in Table VII-17 meet the target
quality objective of within +25 percent. |

For CV-AAS analysis, digested samples were spiked with a known
concentration of mercury and analyzed to evaluate recovery. Results from CV-AAS analysis
of spiked samples are presented in Table VII-18. The low mercury recovery for a back half
spiked sample is considered an isolated case and, based on other QC data, is expected not to

have a significant impact on the data.
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Figure VII-1. Results from Analysis of SRM 16322 Conducted by CTE
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TABLE VII-17. SPIKE RECOVERY FOR GF-AAS ANALYSIS

Spiked Found Recovery

Element Sample {wg/. _or wg/g) %
As BHC 150804 10 ug/L 7.4 74.4
BHC 150833 20 21.7 108.6

BHC 156162 20 19.9 99.7

FHC R1L12 25 ug/L 28.5 113.8

FHC R3L12 25 25.3 101.2

FHC R2L5 25 20.9 83.7

FHC R2L12 25 26.7 106.8

SLD 427 ESP Ash 47.4 ualg 47 99

SLD 427 Bottom Ash 19.3 18.1 94

SLD 429 Economizer Ash 21.2 18.3 86

SLD 429 Economizer Ash 21.2 22.7 107

SLD 429 Bottom Ash 21 18.2 87

SLD 430 ESP Ash 49.5 46.6 94

SLD 430 Economizer Ash 22.3 22 98

SLD 430 Bottom Ash 19.9 15.6 78

Pb BHC 15084 10 ug/L 8.2 82
BHC 150833 25 26.7 107

FHC R3L2 25 ug/l 24.8 99

FHC R3L10 25 22.3 89

FHC R31.12 25 28.9 116

FHC R2L7 25 19.6 78

SLD 427 ESPA 23.7 palg 20.9 84

SLD 430 ESPA 24.8 22 89

SLD 430 SNRB 2.18 2.13 98

SLD 430 SNRB 2.18 2.62 120

SLD 430 BOTM 1.99 2.03 102

Se BHC 150804 10 pg/l 7.2 ‘ 72
B8HC 150833 20 16.3 82

BHC 150833 20 21.7 109

BHC 150833 25 271 109

BHC 150833 50 51.3 103

BHC 150790 50 49.4 99

BHC 150790 50 54.8 110

BHC 150790 50 50.1 100

BHC 1507390 50 49.3 99

BHC 150804 50 49 98

BHC 150804 50 52.9 106

Se BHC 156162 . 50 491 98
BHC 156162 50 51.6 103
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TABLE VII-17. (Continued)

Spiked  Found Recovery
Element Sample {ug/L _or uglg) %
Se FHC R1L10 25 pg/L 24.3 97
FHC R2L10 25 22.6 90
FHC R3L12 25 22.6 80
FHC R3L2-2 25 22.3 89
FHC R1L12 25 25.6 102
FHC R1L12 25 27.4 110
FHC R3L7 25 21.3 85
FHC R3L7 25 43.1 96
SLD 427 ESPA 9.5 ug/g 9.3 a8
SLD 430 ESPA 9.9 9.3 94
SLD 427 SNRB 4.4 4.5 102
SLD 430 SNRB 8.7 8.4 97
SLD 427 Lime 4.3 4.6 108
Sb BHC 150804 10 ug/L 7.9 79
BHC 150833 20 19.8 a9
BHC 150833 20 17.4 87
BHC 150833 20 18.9 95
BHC 150790 10 7.7 77
BHC 156162 20 17 85
FHC R2LS 25 pg/L 22.1 89
FHC R2L7 25 23.5 94
FHC R2L2 25 25.1 101
SLD 430 Bottom Ash 2.0 uglo 1.84 92
SLD 430 Bottom Ash 4 4.2 104
SLD 429 ESPA 2.4 2.3 a8
SLD 429 ESPA 4.7 4.7 100
SLD 430 SNRB 3.2 1.9 a7
SLD 430 SNRB 4.4 4.8 109
SLD 430 ECON 2.2 2.3 108
SLD 430 ECON 4.5 4.3 95
SLD 430 Lime 2.3 2.3 100
SLD 430 Lime 4.6 4.6 100
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TABLE VII-18. SPIKED SAMPLE RECOVERIES FOR CV-AAS MERCURY

ANALYSIS
Concentration -
Sample (ng/aliquot) % Recovery
&I_C_(a)
BL-L7 0.001 --
BL-L7 + 0.05 ug 0.055 08
RI1-L12 <0.001 --
R1-L12 + 0.05 ug 0.048 96
EH__C(")
R3-L10 0.095 --
R3-L10 + 0.05 pg 0.155 120
R1-L7 0.024 --
RI-L7 + 0.05 ug 0.041 34
R2-L5 <0.001 --
R2-L5 + 0.05 ug 0.046 92
KMNO, Impingers
R3-L12 0.027 --
R3-L12 + 0.05 ug 0.073 92
RI-L12 0.016 -~
RI-L12 + 0.05 ug 0.061 90
§L_.Q(a)
APR2993 ESP Ash 0.042 --
APR2993 ESP Ash + 0.05 ug 0.094 104
Digestion Blank <0.02 --
Digestion Blank + 0.05 ug 0.050 100
APR3093 Bottom Ash <0.02 -
APR3093 Bottom Ash + 0.05 ug 0.053 106

(a) FHC = Method 29 front half composite
BHC = Method 29 back half composite
SLD = Solid sample.

VII-40




Precision

Precision was determined by analyzing duplicate samples that were prepared
side by side by the same method. Results are summarized in Tables VII-19, VII-20, and
VII-21 for ICP-AES, GF-AAS, and CV-AAS, respectively. In all cases where the elements
were present at measurable concentrations, relative percent differences between duplicate
samples were within acceptable limits. For ICP-AES, duplicate analyses of field blanks
reflected higher RPDs since the determination was being made at or near the detection limit
of the method. For GF-AAS analyses, the range of RPD results, as expected, fluctuated
with the analyte concentration and homogeneity of samples and the detection limit and
sensitivity of the GF-AAS system for As, Pb, Se, and Sb.

Completeness
All Method 29 samples and solid process sampies planned to be collected and

analyzed were received by Battelle. A back half portion from one Method 29 train was lost

during sample preparation. The percent completeness achieved is summarized below,

Sample Batch Expected Number Number of Samples Completeness
of Samples® Analyzed (%)
Method 29 Front Half 15 14 93®
Method 29 Back Half 15 15 100
Method 29 KMNOQO, Impingers 15 15 100
Solids® 18 18 100

(@  Excluding QC samples.
(b) Sample lost during laboratory preparation.
(© Includes coal samples analyzed by CTE.
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TABLE Vii-20. DUPLICATE SAMPLE RESULTS FOR GF-AAS ANALYSIS

Concentration

Initial Duplicate
Analysis Analysis
Element Sample (ug/l or ug/g) RPD {%])
As BHC R3-L2 -0.16 ug/L 0.14 3000
BHC FB-L12 -0.01 -0.16 176
BHMC R2-L12 0.8 1.87 65
FHC R3-L5 487 uglL 577 16.9
FHC R3-L5 4384 572 14.6
FHC FB-L7 8.27 10.22 211
FHC FB-L12 9.24 B.76 5.3
SLD 430SNRB 90.8 up/p 108 17.3
SLD 430ECON 57.5 64.3 11.2
Se BHC R3-15 14.7 ugiL 21.3 225
BHC FB-L12 6.4 5.7 12.7
FHC R2-1.12 243.2 245.4 0.9
FHC R3-Lb 154 173.2 1.7
RHC R3-L2 505.7 514.9 1.8
SLD 430ESPA 21.2 ug/g 21.7 2.4
SLD 427ECON 0.22 017 25.6
SLD 429ECON 0.1 0.32 97.7
SLD 430SNRB 6.27 5.88 6.4
Pb BHC R3-L10 26 ugiL 24.4 6.1
BHC FB-L12 1.34 1.6 17.7
FHC R3-L5% 50.3 60.5 18.6
FHC R1-L5 66.4 76.2 13.7
SLD 430SNRB 5.36 ug/g 5.21 2.8
Sb BHC FB-L12 -0.29 pg/L -0.23 23.1
FHC R3-L5 14.56 17.37 17.6
SLD427LIME -0.1 po/g 0.18 7.0
SLD427SNRB 0.41 0.65 29.2
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TABLE VII-21, DUPLICATE SAMPLE RESULTS FOR CV-AAS ANALYSIS

Concentration RPD
Sample (ug/aliq) (%)
Front Half
BL-L7 0.001 -
BK-L7 Duplicate 0.001 0.0
R2-L6 0.013 -
R2-L5 Duplicate 0.013 0.0
R1-L12 <0.001 -
R1-L12 Duplicate <0.001 0.0
Back Half
R2-L5 0.0175 -
R2-L5 Duplicate 0.016 8.9
R3-L10 0.038 -
R3-L10 Duplicate 0.038 0.0
R1-L7 0.025 -
R1-L7 Duplicate 0.024 4.1
KMNO4 Impingers
R3-L12 0.02 -
R3-L12 Duplicate 0.026 26.1
R1-L12 0.005 -
R1-L12 Duplicate 0.007 33.3
Solids
APR2993ESP Ash 0.043 -
APR2993ESP Ash 0.041 4.8
Digestion Blank <0.02 : -
Digestion Blank Duplicate <0.02 0.0
APR3093 Bottom Ash <0.02 -
APR3033 Botton Ash Duplicate <0.02 0.0
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Method Detection Limit

The method detection limit for each element analyzed by ICP-AES was
calculated by using three times the standard deviation of replicate results from blank or
spiked samples. As shown in Table VII-22, the results for the front-half composite of the
Method 29 samples were considerably higher than the target value. This is due to a
combination of the extremely large impinger volume and the large amount of acid required to
digest the particulate.

The method detection limits for GF-AAS analysis of As, Pb, Se, and Sb in
Method 29 back-half and front-half samples and solid samples are listed in Tabie VII-23.
The detection limits are calculated from three times of the standard deviation of the element
concentration in the actual samples, instead of the standard deviation from element
concentration near twice the detection limit. The sample homogeneity, matrix and acidity
aspects, and instrumental conditions will also affect the detection limit and deviate from the
target detection limit based on ideal case in the pure water matrix.

2. Chlgride/Fluoride
QAPP and Method Deviations

Chloride/fluoride analyses were conducted according to the QAPP and Method
'26A for the gas samples and Method 300 for the solid samples. Deviations from the QAPP
and these standard methods include the following:
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TABLE VII-22. METHOD DETECTION LIMIT FOR ICP-AES ANALYSIS

Actual Detection Limit Target Detection Limit
for 2 dscm volume™ for 1.64 dscm volume
(ug/dscm) {ug/dscm)
Analyte FHC* BHC*
Cr 50 1.4 2.74
Cd 60 0.9 1.37
Ni 70 1.9 549
Ba 60 0.2 0.55
Co 70 1.3 2.74
Mn 60 0.3 0.27
v €5 1.3 2.74
Be 60 0.04 1.37

*FHC = Method 29 front half composite (solid), BHC = Method 29 back half

composite (vapor).

**Calculated using 3 times the standard deviation of replicate
analysis of blank or low-level spiked sample, 1000 mL impinger volume,
2 dscm gas sample volume, and 0.2 preconcentration factor {for BHC).
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Method 26A

(1)  The analysis of EPA Performance Evaluation Samples (WP029) was used (in
accordance with Section 9.2.6 of the QAPP) instead of EPA "Audit Samples”
referenced in Section 7.7.1 of Method 26A. There is no effect on results
because of this deviation from Method 26A. The acceptable range for either
reference sample must be analytically achieved to assure method accuracy.
The target values for the WPO29 samples were achieved with each calibrated
sample run (see Table VII-25, presented later).

(2) Calibration standards were prepared in deionized water instead of 0.1N H,SO,
as cited in Section 5.2 of Method 26A. As the majority of the analyses
required dilution in deionized water to conform to the analytical range of the
detector, deionized water was the appropriate solvent for the calibration
standards. There should be no adverse effect on results from this alteration.

Method 300

(1)  The instrument calibration was verified approximately each hour of operation
with the analysis of an Instrument Calibration Verifier (ICV) standard which
has a tolerance of 20 percent from the known value as specified in Section
6.2.6 of the QAPP. Section 9.4 of Method 300 states that the tolerance should
be 10 percent. Although 10 percent is achievable precision (see relative
percent difference results for duplicates), ICVs require 20 percent because they
are analyzed around the clock where temperature changes contribute to a small
amount of instrumental drift above 10 percent.

QAPP

(1)  Section 5.3.2 of the QAPP (Custody During Lab Analysis) states that samples
will be documented in a bound laboratory record notebook. The ton
chromatography lab uses a sample log for all incoming samples from which a
unique 4-digit number is assigned. Copies of sample chain-of-custody forms
maintained in the laboratory served as a record of the personnel and the times
involved in sample-handling transactions.

(2)  Section 6.2.6 of the QAPP states that a CCV standard will be used in
chloride/fluoride analyses for continuing calibration verification. The correct
terminology is ICV.

3) Section 9.2.6 of the QAPP incorrectly refers to the ICV as the CCV.
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Calibration Data

Results from the analysis of the ICV standard, which was analyzed
approximately once each hour of instrument operation to monitor for instrument drift, are
presented in Table VII-24. The acceptable range for this calibration was 120 percent or
0.20-0.30 pg/mL. As shown in Table VII-24, this requirement was met for all ICV
analyses.

Results from the analysis of a standard reference material, EPA Performance
Evaluation WPO29 Minerals #1 and #2, are presented in Table VII-25 along with the SRM
acceptable range. As shown, results from multiple analyses of this SRM were all within the
acceptable range.

Accuracy

Results from the fluoride/chloride analysis of a spiked sample are presented in
Tabie VII-26. The QAPP data quality objective for accuracy from a spiked sample was 75-

125 percent recovery which was met.
Precision

Results for duplicate fluoride/chloride analyses are provided in Table
VII-27. Duplicate analyses represent duplicate injections of a sample into the ion
chromatograph. The data quality objective for precision for duplicate chloride/fluoride

analyses was a relative percent difference of 10 percent which was met for these analyses.
Completeness
A total of 15 Method 26A samples were received for chloride/fluoride analysis

as expected. All samples were analyzed and data were reported for all analyses to meet the
completeness objective of 100 percent.
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TABLE VII-24. ICV RESULTS FOR CHLORIDE/FLUORIDE ANALYSES

Concentration Found (pg/mL)

Instrument ICV Concentration

File (ug/mL) F Cr
ZF426 0.25 0.25 0.25
ZF434 0.25 0.25 .25
ZF441 0.25 0.25 0.24
ZF450 0.25 0.23 0.24
ZF469 0.25 0.26 0.23
ZF473 0.25 0.26 0.22
ZF481 0.25 0.26 0.22
ZF494 0.25 NA® 0.24
ZF461 0.25 NA 0.22
ZF487 0.25 NA 0.24
ZE090 0.25 0.25 0.25
ZEQ98 0.25 0.24 0.26
ZE107 0.25 0.23 0.25
ZE122 0.25 0.23 NA
ZE131 0.25 0.25 0.30
ZE141 0.25 0.24 0.29
ZE149 0.25 0.24 NA
ZE155 0.25 0.25 0.21
ZE167 0.25 0.30 0.22
ZE174 0.25 0.29 0.22
ZE181 0.25 0.29 0.21
ZE189 0.25 0.29 0.22
ZE190 0.25 0.28 0.21
ZE201 0.25 0.27 0.20
ZE206 0.25 0.27 NA
ZE215 0.25 0.27 NA
ZE229 0.25 0.25 0.24
ZE241 0.25 0.25 0.25

(@) NA = Not Applicable.
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TABLE VII-25. RESULTS FOR CHLORIDE/FLUORIDE SRM

Concentration Found (ug/mL)

Instrument Acceptable Range

File (ng/mL) F Cr
ZF448 1.6-2.0 1.7 --(@
ZF483 140 - 170 - 160
ZF482 1.6 -2.0 1.7 -
ZEQ099 0.38 - 0.54 0.50 --
ZE132 0.38 - 0.54 0.52 --
ZE133 29 - 36 -- 29
ZE165 0.38 - 0.54 0.54 --
ZE166 29 - 36 -- 29
ZE214 0.38 - 0.54 0.49 --
ZE233 0.38 - 0.54 0.44 -
ZE236 29 - 36 -- 33
(a) "--" indicates analyte not determined in analysis.

TABLE VII-26. RESULTS OF CHLORIDE/FLUORIDE SPIKE ANALYSIS

Concentration Found (ug/mL)

Instrument
File Sample F Cr
ZF458 MAYO02 Economizer Ash 0.026 0.032
ZF459 MAYO02 Economizer Ash 0.220 0.241
+ 0.2 ppm Spike
PERCENT RECOVERY 97 105
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TABLE VII-27. RESULTS OF DUPLICATE CHLORIDE/FLUORIDE ANALYSES

Concentration
Instrument Found (ug/mL) Relative Percent
File Sample F Cr Difference, %
ZF457 MAY02 0.026 -®
Economizer
Ash
ZF458 MAY02 0.025 - 3.9
Economizer
Ash
ZF457 MAYO02 - 0.033
Econcmizer
Ash
ZF458 MAYO02 - 0.030 9.5
Economizer
Ash
ZE187 R3-L10 155536 89.088 -
ZE200 R3-L10 155536 86.577 - 2.8
ZE187 R3-L10 155536 - 436.204
ZE200 R3-L10 155536 - 424.343 2.8

(a) "--" indicates analyte resuit reported separately in table.
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Method Detection Limit

The target analytical method detection limit for chloride/fluoride analyses was
0.014 xg/mlL. for chloride and 0.0Q03 ug/mL for fluoride. The target emission detection limit
was 0.583 pg/dscm for chloride and 0.125 ug/dscm for fluoride based on a 100 mL impinger
solution volume and a gas sample volume of 2.4 dscm. The analytical detection limit
achieved in these analyses was 0.01 ug/mL for both fluoride and chloride for most samples
except for the sulfuric acid reagent blank sample which had a matrix interference that
increased the analytical detection limit to 1 gg/mL. The analytical detection limit was
calculated according to the QAPP (i.e., multiplying the standard deviation of 8
determinations by Student’s t value). The actual emission detection limits achieved for
fluoride ranged from 1.5 ug/dscm in the Location 12 field blank to 2.4 ug/dscm in the
sample from Run 1 at Location 5. These actual emission detection limits are considerably
higher than the target detection limits due to the extremely high impinger solution volume.
Significant levels of chloride were detected in all samples; the actual emission detection limit
achieved for chloride in the distilled water reagent blank (using an assumed gas sample
volume of 2.83 dscm) was 0.75 ug/dscm which was close to the target detection limit of
0.583 pg/dscm.

Pol ic Ar i I
QAPP and Method Deviations

EPA Method 8270, which was cited in the QAPP for general guidance in PAH
analyses, is applicable to the determination of semivolatile organic compounds in solid waste,
soils, and ground water matrices. This method cannot be applied directly to determine PAH
in flue gas samples. In this study, PAH analysis was performed by using a capillary GC
column/MS technique which is the same technique used in EPA Method 8270. Note that in
EPA Method 8270, in addition to PAH, groups of SVOCs are also determined; thus, the MS
is operated in the full scan mode. In order to reach the detection limit for target PAH of less
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than 1 ng/dscm for this study, samples were analyzed by operating the MS in the selected ion
monitoring (SIM) mode to achieve better detection limits. The analytical method used to
determine PAH was detailed in the QAPP. All the samples were processed and analyzed
according to the QAPP except for the following changes which are not expected to influence
the analytical results:

(1)  In Section 7.3 (on page 7-8) of the QAPP, 40 mL of hexane was to be

added to the silica column, The 40 mL was incorrect in the QAPP; 10
mL was actually used.

(2)  In Section 7.3 (on page 7-8 of the QAPP), 150 mL of hexane/dichloro-
methane (DCM) was to be added to the silica column. The 150 mL
hexane/DCM was incorrect in the QAPP; 200 mL was actually used.

3) In Section 7.3 (on page 7-9), extracts were to be concentrated to a final
volume of 100 uL prior to analysis. For some samples, the extracts
were concentrated to a final volume of 1 to 4 mlL due to the high
amount of extractable organic material present in the hexane/DCM
fraction from the silica column.

(4) In Table 7-3 of the QAPP, target PAH compounds to be determined
included acenaphthene (not acenaphthalene) and indenof[1,2,3-
c,d]pyrene (not indeno[1,2,3-c,d]perylene).

Calibration Data

The quantification of each target PAH in all the analyses of standard solutions
used for routine calibration were within 30 percent of the true value as stated in the QAPP.
Table VII-28 summarizes the deviation from the true value from these analyses, and Table
VII-29 gives the deviation from the true value of individual standard analyses.

Blank Results

The QC sample results are given in Tables VII-30 and VII-31, As shown in
Table VII-30, trace amounts of some target PAH were found in the method blank. Since

PAH are common environmental contaminants, trace amounts of these compounds were
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TABLE VIi-28. SUMMARY OF PERCENT OF DEVIATION FOR
STANDARD ANALYSES

Deviation (%)
Compound Maximum  Minimum Mean
Naphthalene 28.4 1.0 17.5
1-Methyinaphthalene 286.0 5.0 16.9
2-Methyinaphthalena 24.0 3.0 15.2
Biphenyl 27.0 6.0 15.6
Acenaphthylene 22.0 4.0 12.8
Acenaphthene 24.0 5.0 14.8
Fluorene 20.0 2.0 12.8
Phenanthrene 25.0 2.0 13.0
Anthracene 18.0¢ 2.0 9.6
Fluoranthene 27.4 2.0 15.2
Pyrene 30.0 0.0 17.0
Benzo{a)anthracene 25.0 5.0 13.2
Chrysene 22.0 0.0 11.0
Benzofluoranthenes 27.0 2.0 12.3
Benzo{e)pyrene 21.0 0.0 10.8
Benzola)pyrene 28.0 1.0 14.9
Indeno(1,2,3-c,d)pyrene 30.0 . 3.0 15.3
Dibenzola,h)anthracene 29.0 3.0 15.9
Benzoig. h,ilperyiene 24.0 1.0 10.8
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TABLE VII-30. TOTAL AMOUNT OF PAH FOUND IN LABORATORY QC SAMPLES

Method Matrix
Blank Spike
Compound {ng) {ng)_
Naphthalene 15.0 277.0
1-Methylnaphthalene 20,0 26.0
2-Methylnaphthalene 8.0 9.0
Biphenyl 9.0 11.0
Acenaphthylene ND(a) ND
Acenaphthene 7.0 15.0
Fluorene 11.0 17.0
Phenanthrene 27.0 47.0
Anthracene 2.0 3.0
Fluoranthene 10.0 18.0
Pyrene 6.0 13.0
Benzo(a)anthracene 1.0 2.0
Chrysene 2.0 4.0
Benzofiuoranthenes 4.0 5.0
Benzole)pyrene 1.0 1.0
Benzola)pyrene ND 2.0
indeno(1,2,3-c,d)pyrene ND 2.0
Dibenzo(a,hlanthracens ND 4.0
Benzo{g,h,ilperylene ND 1.0

(a) ND = Not detected.

VII-58



TABLE VII-31. PAH CONCENTRATION IN LABORATORY QC SAMPLES(a)

Method Matrix

Blank Spike

Compound {ng/dscm) {ng/dscm)
Naphthalene 5.00 82.33
1-Methylnaphthalene 6.67 8.67
2-Methylnaphthalens 2.67 3.00
Biphenyl 3.00 3.67
Acenaphthylene ND{b} ND
Acenaphthene 2.33 5.00
Fluorene 3.67 5.67
Phenanthrene 9.00 15.67
Anthracene 0.67 1.00
Fluoranthene 3.33 6.00
Pyrene 2.00 4.33
Benzo(a)anthracene 0.33 0.67
Chrysene 0.67 1.33
Benzofluoranthenss 1.33 1.67
Benzolelpyrene 0.33 0.33
Benzo(ajpyrene ND 0.67
Indeno{1,2,3-c,d)pyrene ND 0.67
Dibenzola,h)anthracene ND 1.33
Benzolg,h,ilperylene ND 0.33

{a) Gas sample volume of 3 dscm was used to calculate concentrations.

{b} ND = Not detected.
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expected from laboratory handling. Note that a higher level of naphthalene was found in the
matrix spike sample as compared to the method blank. A clean XAD-2 trap was used to
prepare the matrix spike but not the method blank. The matrix spike was spiked with
dioxins/furans prior to extraction as a spiked QC sample for dioxin/furan analyses, but was
not spiked with PAH and therefore represents essentially a second laboratory method blank
for PAH analyses. The higher background level of naphthalene in the matrix spike is mainly
due to the clean XAD-2 trap’s absorbing some naphthalene (most abundant PAH in air) from
ambient air while the sample was being processed. All the PAH concentrations reported for

field samples were not corrected for background levels found in these QC samples.

Accuracy and Precision

Accuracy, precision, and completeness were calculated by the procedures
described in the QAPP. Tables VII-32 and VII-33 summarize the accuracy, precision, and
completeness of the QC samples and the combined QC and field samples, respectively. The
individual recovery data of QC and field samples are given in Tables VII-34 and VII-35.

Satisfactory recoveries of both the field-spike and iab-spike compounds were
obtained from all the QC samples. These results suggested that a minimum loss of PAH had

occurred during sample handling and sample preparation.
Completeness

A total of 19 QC and field samples were collected. All 19 samples were
extracted and GC/MS analysis was conducted on 18 out of these 19 samples yielding a
completeness of 95 percent. The hexane/DCM fraction from sample R3-L2 could not be
analyzed because the extract was saturated with white precipitate at the final volume of 4
mL. Note that low recoveries of laboratory-spike compounds were found in sample R2-LS.
This is mainly from the sample handling process in the Soxhlet extraction step. The
laboratory spiking solution was spiked onto the XAD-2 resin. Then the filter and loose
particles associated with the filter were added to the same Soxhlet extractor. The Soxhlet
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TABLE VII-32. ACCURACY, PRECISION, AND COMPLETENESS FOR QC SAMPLES

Accuracy Pracision Completeness

Spike Compound(a) (%) {%) (%)
D12-Chrysene 94 5.7 100
D12-Benzo(k}fluoranthene 78 4.5 100
D12-Benzole)pyrene 77 4.6 100

{a) D12-Chrysene is the field-spike compound, D12-benzo(kifluoranthene and
D12-Benzo{e)pyrene ae the laboratory spike compounds.

TABLE VII-33. ACCURACY, PRECISION, AND COMPLETENESS FOR ALL SAMPLES

Accuracyla} Precision{b} Completeness(c)

Spike Compoundia) {%) (%) {%)
D12-Benzolk)fluoranthene 55 (66) 37(12) 95
D12-Benzo{e)pyrene 55 (62) 36 (15) 95

{a) The first number is the average recovery of all samples and the second

number in the parentheses is the average recovery of samples excluding
R1-L10, R2-L10, R2-L5, and R3-L10.

{b) The first number is the relative standard deviation of spike recoveries of all
samples. The second number in parentheses is the reiative standard deviation
of spike recoveries of sample excluding R1-L10, R2-L10, R2-L5, and R3-L10.

(c) Sample R3L2 was not analyzed by GC/MS because of extremely
high extractable organic mass.
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extractor was not big enough to retain all the sample. The sample was then redivided into
two Soxhlet extractors. This handling process can cause the loss of the spiked compounds.
Low recoveries of the laboratory spike compounds were also obtained from all three samples
collected at Location 10. These low recoveries are probably due to the sample matrix effect

of large amounts of particles in these samples.

Method Detection Limit

The limit of detection of target PAH was calculated as described in Section
11.3.3 of the QAPP. The results are summarized in Table VII-36.

4. Dioxins/

QAPP and Method Deviations

For dioxin/furan analysis, the following revisions to Method 23 were made:

. Soxhlets were pre-extracted and samples extracted with methylene
chloride rather than toluene as specified in Method 23. Methylene
chloride was the preferred extraction solvent for obtaining volatile PAH
analytes. As stated in the QAPP, both dioxin/furan and PAH data were
obtained by extracting one sample and splitting the extract into two
portions, one for dioxin/furan specific cleanup and one for PAH
specific cleanup. To ensure recovery of the volatile PAHs while not
affecting the efficiency of extracting dioxins/furans, methylene chloride
was used as the extraction solvent.

. Samples were Soxhlet extracted for 18 hours rather than 16 as specified

in Method 23 and the QAPP. The additional extraction time should not
have influenced analytical results adversely.
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The container 2 acetone/methylene chloride wash was filtered through a
quartz fiber filter into a Kuderna-Danish apparatus and concentrated to
15-20 mL in a 65-75°C water bath. The filter from this filtration was
Soxhlet extracted with the Method 23 XAD-2 filter and resin. The
extract and concentrated wash were combined with other extracts from
the Method 23 train and analyzed as one solution. Method 23 describes
concentrating the container 2 wash to 1-5 mL on a rotovap at <37°C
and adding this concentrate to the Soxhlet before extracting. The
difference between the two methods should not have affected analytical
results.

The container 3 toluene rinse was not prepared and analyzed separately
as the toluene QA rinse specified in Method 23. Instead, all
components from the Method 23 train were combined and analyzed as
one solution as specified in the QAPP.

The container 4 impinger solution, which is not analyzed according to
Method 23, was neutralized with 0.1N NaOH then extracted three
times with 60 mL of methylene chloride. This extract was concentrated
and combined with other components from the Method 23 train for
analysis as specified in the QAPP,

The calibration and spiking solutions used were at concentrations
recommended by EPA Method 1613. Method 1613 solution
concentrations vary slightly from Method 23 and also include additional
13¢C ,-labeled internal standards. The additional labeled internal
standards provide better accuracy in identifying and quantifying
analytes.

Several Method 23 samples had large amount of particulate collected on
the filter., It was realized after beginning extraction on several of these
samples that extraction was impeded when the filter, XAD, and
particulate matter were combined in a single Soxhlet extractor. To
correct for this, excess particulate associated with the filters from
samples R2-LS, R3-LS, and R3-L10 was placed into a second Soxhlet
apparatus for extraction separate from the XAD-2 resin and filter.
These extra Soxhlets were not spiked with the labeled internal
standards, but were combined after extraction with the Soxhlet
containing the XAD-2 resin and filter which was spiked. Low
recoveries of internal standards on the samples with high particulate
loading which were not split into two Soxhlet apparatus (R1-LS, R1-
L10, and R2-L10) indicate that the extraction efficiency was
compromised. Splitting the sample into two Soxhlet apparatus appears
to have helped the extraction efficiency as noted by better internal
standard recovery. Unfortunately, Sample R2-L5 was split into two
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Calibration Data

Soxhlet extractors after spiking and the excess sample handling after
spiking appears to have negated the improvement in recoveries achieved
with using two Soxhlet extractors for extraction.

Extract cleanup involved two additional steps which are recommended
cleanup procedures in EPA Method 1613. First, the addition of
2,3,7,8-TCDD-¥Cl, as a recovery standard to each extract prior to any
cleanup was used to evaluate the recovery of analytes through the
cieanup procedures. The cleanup recovery standard provides an
additional measure of quality control. Second, the addition of acid/base
washing of the extract prior to column cleanups. The acid/base wash is
a routine step in both EPA Methods 8290 and 1613.

Cleanup columns included acid/base silica, alumina, and AX21/celite as
required in Method 23; however, amounts of column packing material
and elution solvents were similar to those listed in EPA Method 1613
and varied slightly from Method 23 in some instances.

The GC oven temperature program for separating the analytes on the
DBS column follows Method 1613, which varies somewhat from
Method 23, but provides adequate separation of all analytes of interest.

As specified in the QAPP, no second column confirmation of 2,3,7,8-
TCDF on a DB225 column was performed. The DBS column does not
separate 2,3,7,8-TCDF from other TCDF isomers. As a result, values
obtained for 2,3,7,8-TCDF could include contributions from coeluting,
non-2,3,7,8 isomers.

Some surrogate standards listed in Method 23 were added to the field
blank sampling trains before sample collection to evaluate sampling
train collection efficiency. However, surrogate standards were not
spiked onto the XAD-2 resin used to collect actual emission samples so
losses due to sampling and shipping could not be evaluated for emission
samples.

For the initial calibration, the mean relative response factors were within the

quality control limits of 25 percent for native dioxins/furans and 30 percent for *C ,-labelled

dioxin/furan internal standards as shown in Tabie VII-37. The routine continuing calibration

response factors were within the limit of + 30 percent from the mean relative responsé
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factor for all analytes except OCDD-“‘C12 which was slightly below -30 percent on the
second day of analysis. Because this one response factor was only slightly outside acceptable
limits, the initial calibration was not repeated. The OCDD-!’C,, response factor returned
within the QC limits on the next analysis day.

Quality Control Sample Results

Two field blanks and a laboratory method blank were prepared and analyzed
with the actual samples to demonstrate that field sampling and laboratory analysis procedures
did not contaminate the actual samples. Very low levels of OCDD were found in all three
blank samples (less than 70 pg/dscm). No other analytes were found in the method blank
and the field blank from location 12; however, the field blank from location 7 also contained
low levels of TCDF, HxCDF, and OCDF (less than 7 pg/dscm of each). These results
indicate that the sampling and analytical activities do not compromise the integrity of the
samples.

A matrix spike sample was prepared by spiking clean XAD-2 resin with native
2,3,7,8-substituted dioxin/furan standards and processing this spiked resin through the same
extraction and cleanup processes as the actual samples. As shown in Table VII-38§,
recoveries ranged from 71 percent for 1,2,3,7,8,9-HxCDD to 104 percent for OCDF and
were well within the acceptable limits of 40 to 120 percent.

Accuracy

Recoveries of 3C,,-labeled dioxin/furan internal standards, which were spiked
into all actual and quality control samples to demonstrate the efficiency of extracting
dioxins/furans from the sample matrix are shown in Table VII-39. All samples were spiked
with the labeled internal standards immediately before extraction except for the field blanks
which were spiked with the internal standards in the field. The acceptable range for internal
standard recovery was 40 to 120 percent. The only samples for which the recoveries are low
for all internal standards are R1-LS, R1-L10, R2-LS, and R2-L10 from the SNRB™ and ESP

inlets. As mentioned earlier, the large amounts of particulate collected on filters at these
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locations appears to have impeded extraction efficiency. As soon as this was discovered, the
samples with excess particulate were extracted in two Soxhlet apparatus instead of one, with
the extracts then combined for further processing. Extraction in two Soxhlet systems appears
to have corrected the problem as seen by the improved internal standard recoveries for R3-
L5 and R3-L10. In addition, each sample extract was spiked with 2,3,7,8-TCDD-*'Cl, prior
to cleanup to demonstrate recovery efficiency through acid/base washing and the three
cleanup columns. Recovery of this cleanup standard ranged from 90 to 101 percent
indicating that recovery of the analytes through the cleanup procedures is quite good.

Precision

Method precision for dioxin/furan analysis was determined by calculating the
relative standard deviation of the recoveries of labeled internal standards added to the
samples before extraction. As shown in Table VII-39, when all actual and QC samples are
taken into account, the relative standard deviation (RSD) is outside the 40 percent limit for
all but the cleanup standard 2,3,7,8-TCDD-*'Cl, because of the very low recoveries obtained
on samples with high particulate loading which were not extracted in two Soxhlets. If the
RSD is determined from all samples except those where the particulate loading impeded
extraction efficiency (as shown in Table VII-40), then all recoveries are within 40 percent
RSD except for 1,2,3,4,7,8-HxCDF-3C,, and 1,2,3,6,7,8-HxCDF-'*C,, which had RSDs of
84 and 72 percent, respectively.

'Comp]eteness

The data for dioxin/furan analysis is 100 percent complete. No samples were
lost during field sampling, sample preparation or analysis.

Method Detection Limits

Detection limits were calculated for any analyte not detected and are provided
in the dioxin/furan data forms presented in Appendix B of this report. In most cases, actual
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detection limits were significantly below the target detection limits listed in the QAPP. For
example, the target detection limit for 2,3,7,8-TCDD was 0.06 ng/dscm and actual detection

limits of 0.0027 ng/dscm (2.7 pg/dscm) and 0.0051 ng/dscm (5.1 pg/dscm) were achieved
for Field Blank-L12 and R3-L5 samples, respectively.

3. _Carbonyls

QAPP and Methods Deviations

For the analysis of carbonyls in Method 0011 impinger samples, changes from
the QAPP are the following:

(1

)

€)

Figure 4-38 in the QAPP shows that a filter was in-line ahead of the
impingers. However, no filters were used for this sampling system.
Upon return of samples to Battelle, a significant amount of particulate
material was observed in the impinger solutions. To perform the
analyses, the impinger solutions were filtered using Millex-SR Q.5 pm
single-use filter units (Millipore Corporation) to obtain particulate free
solution for HPLC analysis.

Acetonitrile was to be used for rinsing the probes and glassware, since
it was also used as the DNPH solution. However, methylene chloride
was used in the field. These two solvents do not mix and the
partitioning ratio for carbonyl derivatives is unknown. The acetonitrile
layer in impingers 1 and 2 solutions was analyzed for all samples. For
one sample both the methylene chloride and acetonitrile layers were
analyzed to determine which solvent the DNPH derivatives preferred.
In addition, unexpectedly large volumes of methylene chloride were
used for rinsing which further complicated the analysis.

EPA Method 0011 procedures were used for collection of carbonyls but
with the following exception. In the QAPP, DNPH in acetonitrile
(0.25 g/L) was specified for use (and was used) rather than the DNPH
in acidified water (3.75 g/L) which is specified in EPA Method 0011.
DNPH/acetonitrile solution is used in Method TO-11.
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Accuracy

A laboratory spike was not prepared along with the samples for this study to
evaluate analytical accuracy. Results from a routine laboratory spike experiment conducted
after sample analyses are presented in Table VII-41. For this experiment, a stock solution of
six underivatized aldehydes in water was prepared and a 2-mL aliquot was added to 2 mL of
a TO-11 DNPH/acetonitrile working solution (0.25 g/L}. The calculated spike level of each
aldehyde and the amount recovered is shown in the first and second column of Table VII-41.
A ten-fold and 2 hundred-fold dilution of the stock aldehyde solution were also prepared and
reacted with the DNPH/acetonitrile working solution. The calculated concentrations and
percent recovered at these levels are also indicated in Table VII-41. The working standard
that is routinely injected into the HPLC instrument every analysis day (i.e. control standard)
is at the 2 ug/mL level. The three spikes cover that level as well as an order of magnitude
above and below it. Recovery values obtained in this laboratory spike experiment met the
target quality objective for carbonyl recovery of 80-120 percent for all but a low level
formaldehyde spike.

Precision

Analyses of the samples showed no carbonyls present, therefore triplicate
analyses were not carried out. However, triplicate analyses were completed for the carbonyl
standards ranging in concentrations from 0.01 to 2.0 ng/uL. Table VII-42 shows the
analytical precisior; from these standard analyses.

Completeness

A total of eight Method 0011 samples were received from April 26 and May 2
test days (excluding field reagent and blanks). Run 2 samples were not collected from
Locations 2 and 5 and Run 3 samples were not collected from all locations, Although the
first and second impinger solutions were analyzed individually, they are counted as one
sample.

VII-74



‘9,01 UBY} SS3] Jo aanoafgo Aiyenb jobie) joow Jou saop QSY.

90 €0 60 (Y £G » 08 apAyaplezuag

00 G0 (A8 0L vo « 02 apAyepieifing

¥0 pe 80 1’9 €L «ZP2 apAyapieuo}osd

10 20 0L ¥0 8'Z « 9E) apAyepleuoidoid

Z0 G0 A o'l Ly « GGl auojedy

90 10 80 13 4 ve €€ ulejory

Ll 61 (A > L « bLL epAyspiejaoy

¥0 $0 A" (g} £l « 661 apAyapjeuno

piepuelg piepuels pJepuels pJepuels pjepuels plepuelg alijeuy

n/Bu o'z IBu ') InBu o nfu 1o n/Bu GO0 nBu 100

(%) sasAjeuy 9)edf|du] jO UoleIAS(] PJEPUB]S 3AHEISY
SAMVYANYLS TANOSNYD 40 SISATYNY JLVOIdINL WOX4 A3NINY313a NOISIO3Yd "2r-IA 318VL
oLl 112 m Lz €€l LLZ0 apAyap|ezuag
68 \z 16 4 68 \Z0 apAyapieiding
L6 97T 66 9z'C z6 9770 apAyspleuoios
68 L'vT G6 LT v6 LYT0 apAyapieuotdold
G8 oz 68 r4 06 Z0 apAyep|eledy
PLL 8¢ 0zZ1 8 zTL 820 apAyeplewso
palanodey w67y paian0day (/B palan00ay (yws/ By punoduio)
usdiayg |aaa] ayidg JUadIad e adg uadiad jane exidg
SITINVS IS AHOLVEHOIYT HOJ SIIHIA0IIH TANCHHVYD “LE-IA 378VL

VII-75



Number of Number of Total
Samples Data Points Number of
Collected per Sample Data Points
Amount of Data Obtained: 8 8 64
Amount of Data Expected: 15 8 120
Completeness: 53%
Method Detection Limit

The stated detection level for the carbonyls was 1.4 ug/dscm. Carbonyl
species were not detected in any of the emission samples at or above this level. Subsequent
to the analyses, a signal response was chosen that approximated the instrument noise level
which, along with solvent volume as well as the sampled volume, was used to derive an
estimated detection limit value for a particular sample. These values were less than the
1.4 ug/dscm target. It is these values that are reported in the carbonyl table.

Volatil i mpounds

QAPP and Method Deviations

For analysis of volatile organic compounds (VOC) in gas emission samples
coliected with Method 18 Tedlar bags, changes from the QAPP

(1) QC information was obtained for all 41 TO-14 compounds, However,
the first seven compounds on the target list in the QAPP were not
quantified in the emission samples because of contamination from SO,
which was also collected in the bags.

(2) A glass beads trap (-150°C) and six port valves were used to
preconcentrate sampled air instead of the two-phase adsorbent trap and
Dynatherm preconcentrator system. The use of this trap resulted in no
effect on the identification and quantitation of the TO-14 compounds.
The change was made because of higher background levels of benzene
obtained when using the Dynatherm system.
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(3)  Sample volume for preconcentration was limited to 25 cc instead of the
planned 300 cc because of the excessive amount of SO, in the bag
samples.

Accuracy

The analytical results of the QC samples associated with the VOC analyses are
shown in Table VII-43. The calibration run was a 10 to 1 dynamic dilution of a 41
component calibration cylinder that was analyzed on the same day as the Tedlar bag QC
samples. The field spike sample was obtained by filling a bag initially with a 10 to 1
dilution of the calibration mixture and then sending it to the field. Half of the field spike bag
was drawn through the field sampling system into a second Tedlar bag to obtain a process
sample. The trip blank was a bag filled initially with ultra-zero air that was sent along with
the field spike bag. The ratio of spike/cal indicates that most of the target compounds
remain unchanged during short term storage in the field spike sample (i.e. +25 percent).
Most recoveries for the field spike sample meet the accuracy objective of 80-120 percent.
The less volatile compounds do not store as well. The ratio of the process/spike indicates a
drop off in recovery for the compounds eluting after tetrachloroethene (i.e. the less volatile
compounds). The low recoveries in the process sample could be due to the procedures used
in the field to generate the sample or to losses during shipping and handling. The trip blank
bag shows extremely high dichloromethane values. Dichloromethane was used as a solvent

rinse in the field and it is suspected that this use was the source of contamination.
Precision

Table VII-44 shows the relative standard deviation of the three calibration runs
as well as the relative percent difference (RPD) from duplicate analyses of the spike and field
process bags. Note that the spike level was 30 ppb of the 41 component standard and not 10
ppb as originally indicated in the QAPP. The RPD for the duplicate analyses of the spike
and field process bag samples is below the 10 percent data quality objective for most of the
more volatile compounds. Precision for compounds eluting after tetrachloroethene (again,
the less volatile compounds) is not as good as evidenced by RPDs generally higher than 10
percent.
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TABLE VII-43, RESULTS FOR VOC QUALITY CONTROL SAMPLES (ppb)

Calibration Field Process Trip  Recovery Recovery

Cylinder Spike Sample Blank  Spike/Cal Proc/Spike
Analyte 5/1/93  #155871 #155873 #155872 (%)* {%)*
trichlorofluoromethane (Freon-11) 331 299 289 0.0 90 97
1.1-dichloroethene 28.0 249 216 0.0 89 86
dichloromethane 436 374 33.0 197.8 86 88
3-chloropropene 329 347 243 2.0 106 70 =
1,1,2-trichloro-1,2,2-trifluorcethane 257 225 20.1 0.0 88 89
1,1-dichloroethane 319 28.7 257 0.4 93 86
cis-1,2-dichloroethene 325 31.0 29.5 0.0 95 95
trichloromethane 3.7 29.3 265 0.0 93 90
1,2-dichloroethane 31.0 28.4 248 0.0 92 87
1.1,1-trichloroethane 22.8 19.8 18.7 0.2 a7 94
benzene 26.4 2290 18.1 3.1 83 83
carbon tetrachloride 26.0 24.9 215 0.0 96 86
1,2-dichloropropane 25.7 22.3 19.1 0.0 87 85
trichloroethene 226 21.2 171 0.0 94 81
cis-1,3-dichloropropene 29.8 25.4 15.2 1.2 85 80 ~
trans-1,3-dichloropropene 31.0 25.5 147 0.0 82 58 ™
1,1,2-trichloroethane 26.2 21.1 14.4 0.0 80 68 *
toluene 227 17.5 13.6 39 T7 * 7T
1,2-dibromoethane 32.2 278 17.8 0.0 86 63 ™
tetrachloroethene 22.9 19.7 14.0 0.0 86 7t ™
chlorobenzene 24.8 24.4 9.1 0.0 98 Y S
ethylbenzene 21.5 16.9 6.2 1.5 78 ** v~
m+p-xylene 18.7 16.7 8.9 1.7 85 53 =
styrene 22.4 15.5 48 0.0 69 ™ M-
1,1,2,2-tetrachloroethane 229 17.3 58 Q.0 75 ** 34 ™
0-Xyilene 221 16.4 8.7 0.0 74 41
4-ethyi toluene 18.3 21.8 43 0.0 119 20 *~
1,3,5-trimethylbenzene 18.7 22.4 6.6 0.0 119 29 =
1,2 4-trimethylbenzene 18.2 15.1 2.5 14.7 83 16
benzyl chloride 295 12.2 1.5 0.0 41 * 13~
m-dichiorobenzene 19.3 11.7 24 4.6 61 ™ 21 *
p-dichlorobenzene 273 24.8 34 5.8 21 14
o-dichlorobenzene 21.8 14.8 2.2 0.0 68 15 **
1,2 4-trichlorobenzene 16.7 58 0.0 9.0 35~ o*
hexachlorobutadiene 14.5 57 0.5 0.0 3g > 8-

*Data quality objective is 80 - 120% recovery.

*Recovery outside targetl objective.
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TABLE Vil-44. PRECISION RESULTS FOR VOC REPLICATE ANALYSES

Average of Average of
Triplicate Average of Duplicate
Calibration Relative| Duplicate Relative Process Relative
Cylinder  Standard| Field Spike Percent Sample Percent
Analyses  Deviation Analyses Difference Analyses Difference
Analyte (ppb) {%) (ppb) (%) {ppb) {%)*
trichlorofluoromethane (Freon-11) 34.7 40 31.8 122 * 292 26
1,1-dichloroethene 31.0 B.6 26.2 9.5 23.4 156 **
dichloromethane 51.5 15.0 41.2 18.4 ™ 368 202
3-chloropropene 439 22.0 36.7 106 ** 304 403 **
1,1,2-trichloro-1,2, 2-trifluoroethane 26.8 36 232 55 207 6.4
1,1-dichloroethane 353 86 31.7 122 ** 266 6.4
cis-1,2-dichloroethene 423 201 389 40.7 ** 328 198 *
trichloromethane 342 6.4 315 13.9 = 28.0 10.3
1,2-dichloroethane 334 6.7 28.8 29 255 56
1,1,1-richloroethane 23.1 33 20.1 28 194 7.0
benzene 282 5.8 235 129 * 19.8 173 *
carbon tetrachloride 271 45 265 116 * 229 125 **
1,2-dichloropropane 26.6 5.9 2315 10.3 186 5.1
trichloroethene 24.5 6.9 215 33 15.6 19.0 *
cis-1,3-dichloropropene 26.5 125 233 184 ** 14.8 54
trans-1,3-dichloropropene 345 9.1 23.4 18.0 ** 13.5 185
1,1,2-trichloroethane 27.8 86 20.2 9.3 14.0 55
toluene 239 45 179 4.1 134 3
1,2-dibromoethane 36.7 10.5 266 9.1 16.9 86
tetrachloroethene 247 a7 19.9 1.6 13.2 122 *
chiorobenzene 33 182 246 1.2 12.0 483 *
ethytbenzene 26.1 15.4 224 494 ™ 9.7 707
m+p-xylene 254 221 19.5 287 ™ 8.6 86
styrene 160.3 70.7 14.7 10.7 *~ 5.0 66
1,1,2,2-tefrachloroethane 258 10.2 16.5 9.7 6.0 6.1
o-xylene 296 233 1686 27 68 36
4-ethyl toluene 206 106 17.5 50.1 ** 4.7 144 ™
1,3, 5-trimethylbenzene 211 106 211 120 5.0 646 "
1,2, 4-trimethylbenzene 17.8 18.7 134 262" 23 145"
benxyl chloride 382 19.8 16.4 512" 21 543 ™
m-dichlorobenzene 258 230 18.0 701 ** 29 3 % B
p-dichlorobenzene 365 228 293 3T B 4.0 aze
o-dichlorobenzene 29.6 23.0 12.8 D I Bl 18 51.1 **
1,2 4-trichlorobenzene- 24.7 28.2 5.9 43 15 200.0 **
hexachlorobutadiene - 16.6 113 55 84 0.2 200.0 **

*Data quality objective for relative percent difference is less than 10%.

“*Precision outside target objective.
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Completeness

A total of 12 Tedlar bags were received from the April 30 (9 bags) and May 1
(3 bags) test days. This count excludes the trip blank, field spike and process Tedlar bag QC
samples. In addition, one bag was received from the April 27 test day and four bags from
the April 29 test day, but these five samples were not analyzed because the received bags
were deflated (a strong smell of SO, was present). Only 35 of the 41 target VOC
components could be quantified because of SO, contamination in the bags. Completeness

achieved is summarized below:

Number of Total
Number of Data Points Number of
Samples Per Sample Data Points
Amount of Data Expected 15 41 615
Amount of Data Obtained: 12 35 420
Completeness 68%

Method Detection Limit

Because of the decrease in sample volume used for preconcentration, the actual
detection level achieved for these analyses is 0.5 ppb. The target detection limit was 0.1 ppb
for a 300 cc sample size. Attempts were made to increase the preconcentrated amount to 50
cc. However, at this volume and above, the mass spectrometer source pressure exceeded the

allowable limit and the mass spectrometer unit shut down.
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APPENDIX A

SPECIATED MERCURY MEASUREMENT



FRONTIER
Geosclences January 26, 1994

ENVIRONMENTAL RESEARCH CORPORATION Eric M. Prestbo and Nicolas S Bloom

414 Powtius Norrth * Searle, WA 98109
{206) 622.6960 + [ax: {208) 622-6870

Discovery of Methyl Mercury Artifact in the Solid Sorbent Speciation (S 3) method
for Coal Combustion Fluegas

We have stated in both reports and presentations (Prestbo and Bloom, 1993,
Bloom et al., 1993) that monomethyl mercury (MMHg) can be measured and is found in
coal combustion flue gas in the range of 5-15% of the total Hg. Because of very recent
experiments we have couipleted in the laboratory, we now know that the MMHg we
were measuring and reporting is due to an artifact. Only through painstaking
laboratory work were we able to discover the unusual chemical reactions which
produce MMHg in solution. We discovered that Hg(Il) and S(IV) collected on the
KCl/soda lime sorbent, when digested in 10% acetic acid solution will form MMHg on
the high pH surface of the dissolving soda lime. The likely mechanism leading to this
can be found (in retrospect) in a paper by Lee and Rochelle (1987). This finding was
quite surprising considering that SO2 is known to be a reducing and not an oxidizing
compound. The MMHg forms due to the release of methyl groups during the
degradation of acetic acid in conjunction with the oxidation of SO3=.

What we can state convincingly is that all previous flue gas data generated by
our laboratory overestimates the amount of MMHg. The MMHg fraction should
tentatively be considered as part of the Hg(Il) fraction of the total Hg in fluegas until
our ongoing investigations are completed. It should also be clearly stated that although
the MMHg values are no longer valid, this is not true for Hg(II), HgC® and especially
total Hg. Further, please refrain from stating that MMHg is nof present in fluegas until
we have a chance to complete some field site studies using a refined methodology.

We are actively pursuing the problem encountered. Initially we will investigate
non-methy! containing solutions (i.e. citric acid} for dissolving KCl/soda lime to avoid
the artifact. Secondly, we will use several other means of collecting flue gas, including
unique impinger solutions to more conclusively determine the presence or absence of
MMHg in combustion flue gas.

As you know, speciation of trace metals, and especially mercury is difficult in
any matrix. We regret that previous MMHg fluegas data was in error. We will
continue to communicate to you any of our new findings as we have with this one.

Please don 't hesitate to call us if you have any questions or need further
clarification on this issue.
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FRrRONTIER
GeOSCIENCES

ENVIRONMENTAl RESEARCH CORPORATION

414 Ponrivs Noarth + Seattle, WA 98109
(206) 622-6960 * fax: (206) 622-6870

Jean Czuczwa
Babcock and Wilcox R&D
1562 Beeson Street
Alliance, OH 44601
May 17, 1993

Dear Dr. Czuczwa,

Enclosed please find tables containing the mercury speciation data for the
fluegas at the Burger Station (SNRB Pilot). The table contains both raw amounts
of Hg, ng/sample trap, as well as blank corrected fluegas concentrations (jug/m3
at 680F, dry). There are some very odd, but consistent patterns in the data which
I cannot comment on without further information. Being able to interpret these
peculiarities would be of great help not only to your work, but to the further
refinement of this analytical method, and hypotheses-forming about fluegas Hg
reactions. Thus, I would appreciate your help in obtaining any of the following
information as soon as possible (preferably before I go to Sweden, May 19, but at
least before the EPRI air toxics meeting, July 12): Coal type, chloride, and sulfur
content; Fluegas chloride content at both sampling locations; temperatures and
chemicals added in the SNRB pilot reactor; anything else that seems pertinent to
the following peculiarities:

(1) Extremely high oxidized Hg trapping efficiencies (<98%) for the ESP
side, but very high breakthrough (in fact, greater Hg on the backup traps!)
for the SNRB side.

(2) On the 29th, considerably more Hg in the SNRB than the ESP—the
increase being due to more oxidized Hg than the day before or after.

(3) High between-day variability in the [Hgtotal].

Analytically, the data look quite good, so I am looking to the actual
chemistry of the system to explain these odd results. Please note that at this
time, due to the very high and unexplained breakthrough of oxidized species
at the SNRB location, the fraction of Hg(II) and MMHg bust be taken as a bare
minimum. Further investigation would certainly indicate that these fractions
must be higher (Much higher?) and the Hg® correspondingly lower. One
hypotheses might be that in the fluegas, they are in the chloride form, which



strongly adsorbs on the soda-lime traps, while after the SNRB, they are in the
hydroxide form, which does not.

Also, included with this data are invoices for both the analytical and field
work, which have also been sent to accounts payable. We would appreciate
having the payment expedited, as our company will face a serious cash flow
problem this summer as we refurbish our new laboratory space. Thank you for
your help. Please call me if you have questions concerning the data or its
interpretation. I hope to be able to work with you again on future projects.

Best wishes,

e S

Nicolas bloom



Analytical and Sampling Method for Mercury Speciation in Flue Gases
(extracted from EPRI annual report, RP-3177-18, February, 1993)

Nicolas S Bloom
Frontier Geosciences
414 Pontius North
Seattle, WA 98109
p: (2086) 622-6960 f: (206) 622-6870

Experimental Methods

Sampling. The speciation sampling train (Bloom, 1993} consisted
of a series of 2 pairs of tandem solid sorbant traps, through which
fluegas was pulled at a rate of approximately 0.5 L/min under 5-10" Hg
vacuum, The first pair of traps were 0.25" diameter teflon tubes
containing 10 cm of 10-20 mesh KCI impregnated soda lime granules.
The trapping material was prepared by dissolving 100 grams of KCl in
400 mL of water, and mixing with 1000 g of soda-lime granules. The
mixture was then oven-dried at 1100C, ground and sieved between 10
and 20 mesh, and ashed at 600°C for 6 hours. Approximately 2 grams
(10 cm) of the material was packed into the teflon tubes between
plugs of silanized glass wool. The second pair of traps were
commercially available iodated carbon traps (MSA, Pittsburghj,
designed for the collection of mercury vapours (Braun and Metzger,
1987; Mofitt and Kupel, 1974).

The traps are situated in a sampling train such that the fluegas
passed through a quartz tube to the soda-lime traps, then through the
iodated carbon traps (figure 1). The sampling train and quartz tube
are maintained at 100-1209C during sampling to avoid condensation of
water vapour. Samples are collected non-isokinetically from a single
point well away from the walls of the flue. In many cases, as a QA
measure, a parallel sampling train, consisting only of iodated carbon .
traps is collected. This train gives total gaseous mercury, which may



then be compared directly with the sum of species obtained on the
parallel system.

Samples are generally collected without filters, so that the Hg on
particulates adds to the results of the soda-lime traps (oxidized Hg).
However, particulate Hg is usually measured on the ESP samples, and
given the low Hg levels, combined with the poor efficiency of
particulate collection with low-flow non-isokinetic sampling, the error
introduced in this way is between 0-5% of the total values observed.
In cases where both gas phase and particulate Hg is required, the
gaseous train described above is fitted with a quartz wool plug filter to
separate out virtually all particulate. A filter from a separate isokinetic
sampling train is then analysed to obtain particulate Hg data, which
may be added to the gas phase results generated as above.

Dry gas volume is measured, after passage through a desiccant
(Drierite™)} with an integrating thermal mass flowmeter, calibrated
for air. Since actual fluegas contains approximately 10% CO2, a
correction (approximately -0.2% in volume per 1% CO2) is made to
the measured sample volumes to take into account the difference in
heat capacity of the gases. Concentrations are generally reported as
dry fluegas at 700F. During the course of the one extensive study, the
mass flowmeters were compared at several flowrates (0.1-0.7 L/min)
with a bubble flowmeter, and the results found to be accurate to within
better than' 1%.

Generally samples are collected for two hours at an initial flowrate
of 0.5 L/min. Over this time period, the flow rate usually drops to
approximately 0.4 L/min, as the soda lime material expands, due to
the absorption of CO9. This results in sample volumes of generally
0.05 m3, which are accurately determined by the integrating
flowmeters. In some cases, sample times up to 4 hours (0.1 m3} have
been employed, to facilitate direct intercomparison with other
techniques, or at very low mercury sites (oil fired facilities, after
advanced pollution control equipment). In these cases, sample



flowrate diminishes dramatically (to approximately 0.2 L/min), by the
end of the sampling period.

After collection, the sample traps and quartz probe liners are
plugged with teflon plugs, and stored in a low mercury environment
until analysis. Although no storage tests have been conducted, the
speciation information on the soda-lime traps appears stable at least a
period of several weeks. The mercury concentrations collected on the
iodated carbon traps is stable indefinitely when plugged with teflon

plugs.

Coal and ash samples were collected directly into EPA-style trace
metal cleaned sample vials. Typically, the samples were already in
powdered form, and so were simply aliquoted prior to analysis. In
some cases, coal or bottom ash was collected in chunks, and was thus
pulverized in an alumina ball mill prior to analysis.

Analysis. Quantification of Hg is made using cold vapour atomic
fluorescence spectrometry (CVAFS), following appropriate sample pre-
treatment (Bloom and Fitzgerald, 1987). All standards are ultimately
traceable to the lab stock standard for total Hg supplied by the
National Bureau of Standards (NBS-3133, lot #290702).
Methylmercury standards, prepared in the lab, are cross-compared to
this NBS primary standard. Also, where possible, certified standard
materials were analysed along with the samples.

Total (and elemental) Hg on iodated carbon traps is determined by
SnClo reduction of small aliquots (100-500 ul) of acid digests, purging
and preconcentration on gold (Bloom and Crecelius, 1983; Moffitt and
Kupel, 1974), and CVAFS detection. The samples are digested at
700C for 2-3 hours in 18.2 or 25.6 mL teflon vials with 5 mL of a
mixture of 7:3 HNO3/H2S04, and diluted to volume with 0.02 N BrCl.
Soda lime traps can be analysed for total oxidized Hg, after dissolution
with 0.02 N BrCl in similar teflon vials.



To obtain chemical speciation information, soda-lime traps are first
dissolved in 10 mL of acetic acid diluted with water to 125 mL in
teflon bottles. Ionic and methyl Hg are determined by aqueous phase
ethylation, purging onto carbotrap, cryogenic GC separation, and
CVAFS detection (Bloom, 1989). Methyl mercury is determined as
methylethyl mercury, while ionic mercury is determined as diethyl
mercury. lonic mercury may also be determined on the same samples
by SnClg reduction, collection gold, and CVAFS detection. From the
acetic acid digestates, methylmercury is not released, thus allowing
only the Hg(Il} to be determined.

Total Hg and speciation on ash samples is determined similarly to
that above, after modified digestion procedures. The ash samples are
digested with hot refluxing aqua regia, and then diluted to 100 mL
with low Hg water, prior to analysis. NBS certified flyash is also
determined in this manner, as a QA check. Methyl mercury is
determined using aqueous phase ethylation, on separate ash aliquots,
after leaching with 25% KOH in methanol (Bloom, 1989).

A new method for the determination of total Hg in coal was
developed during this project. Aliquots of coal (0.2 grams) are placed
in a 110 mL teflon bomb with 5 mL perchloric acid, 7 mL nitric acid,
and 3 mL sulfuric acid. The bomb is microwave digested until a clear
yellow solution results (3-5 minutes on medium-low, 900 watt oven).
The solution is then diluted to 100 mL with 0.02 N BrCl, and analysed
by CVAFS as for other total Hg samples. NBS certified coal, as well as
digestion spike recoveries were analysed to verify the method.

As a further check on the determination of Hg in the solid
substrates, a selection of the ash and coal samples were also
determined by chemical separation/NAA by the nuclear chemistry
group at the "J Stefan” Institute, Ljubljaria, Slovenia. This completely
independent comparison also provides an indirect check on the
overall analytical methods and standards. '
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APPENDIX C

RADIONUCLIDE ANALYSIS RESULTS



"he following deliverable, Work Order Number 23-07-040 _ is being relinquished to yo

yy the reporting department of intemational Technology Corporation - Oak Ridge, 1550 Bes
Jreek Road, Kingston, Tennessee 37763.

j Radiological Report w/Data Package

z Radiological Report w/Certificate of Analysis ﬂﬂﬁff
j CLP Sample Data Summary w/EDT Hardcopy
:I CLP Volatile Data Package

:] CLP Semivolatile Data Package

j CLP Pesticide/PCB Data Package

j CLP Herbicide Data Package

:I CLP Inorganics Data Package

:] Certificate of Analysis Only

j EDT Hardcopy Report w/complimentary COA
:‘ EDT Floppy Diskette

Other

Relinquished By:

legse sign the following Chain of Custody and retumn it to International Technology - Oak
idge, 1550 Bear Creek Road, Kingsion, Tennessee 37763, Attention: Reporting.



TIONAL L
TTE: ol

CERTIFICATE OF ANALYSIS
BATTELLE MEMORIAL INSTITUTE Date: September 9, 1993
505 King Avenue
Columbus, Ohio 43201
ATTN: Karen Riggs Page: 1 of 3

Work Order: S3-07-040 (Amended Report)

This is the Certificate of Analysis for the following samples:

Client Project ID: 93-1032-SLA
Date Received By Lab: July 16, 1993
Number of Samples: Eighteen (18)
Sample Type: Filter

I. INTRODUCTION

On July 16, 1993, eighteen (18) filter samples were received at ITAS-Oak
Ridge, Tennessee laboratory from Battelle Memorial Institute, Columbus,
Ohio. The list of analytical tests performed as well as date of receipt
and analysis can be found in the attached report.

The report is amended to correct the U-235 result for sample (11) 156124.

The samples were labeled as follows:

CLIENT SAMPLE ID ITAS SAMPLE NUMBER PARAMETERS REQUIRED
150904 $3-07-040-01 List One

150908 §3-07-040-02 List One

150900 $3-07-040-03 List One

155546 S3-07-040-04 List One

156101 §3-07-040-05 List One
Reviewed and Approved: Reviewed and Approved:
g;mes M. thtlefleld Susan Aderholdt
Radlologlc Analysis Group Leader Project Manager
JML/bav

Any reproductions must be made of the complete data report.

Amencan Council of lndependen! Laboratones
Interngtional Association of Envitonmental Teshng Laboratones
Amencan Association for Laboratory Accreditagthion

IT Analytical Services, 1550 Beax Creek Road, Oak Ridge. TN 37830 68189



IT ANALYTICAL SERVICES

BATTELLE MEMORIAL INSTITUTE OAX RIDGE, TN
Date: ©September 9, 1993 Page: 2 of 3
Client Project ID: 93-1032-SLA Work Order: S3-07-040

I. INTRODUCTION (Continued)

The samples were labeled as follows:

CLIENT SAMPLE ID ITAS SAMPLE NUMBER PARAMETERS REQUIRED
155513 §3-07-040~06 List One
155521 S$3-07-040-07 List One
156120 $3-07-040-08 List One
155538 83-07-040-09 List One
155550 S$3-07-040-10 List One
156124 §3-07-040-11 List One
155517 83-07-040-12 List One
155554 §$3-07-040-13 List One
155509 $3-07-040-14 List One
156103 53-07-040-15 List One
156102 S$3-07-040~16 List One
155503 83-07-040-17 List One
155542 §3-07-040-18 List One
DUP 150904 83~07-040-19 List One
BLANK RESULTS 83-07-040-20 List Two
SPIKE RESULTS 53-07-040-21 List Two

List One consists of: Lead 210, Radium 226, Radium 228, Thorium 230,
Uranium 234, Uranium 235 and Uranium 238.

List Two consists of: Cesium 137.

II. ANALYTICAL RESULTS/METHODOLOGY

The analytical results for this report are presented by analytical tests.
Each set of data will include sample identification, analytical results,
and/or the appropriate detection limits.

The analytical results reported relate only to those items tested.
The samples were prepared for Gamma Spectrometry using ITAS Oak Ridge

Standard Operating Procedure OR-7003, Revision 0 and counted using ITAS Oak
Ridge Standard Operating Procedure OR-7212, Revision 0.

ITI. QUALITY CONTROL

QA/QC information was performed on the enclosed analytical data. The
purpose of QA/QC information is to ensure the user that the data enclosed
is scientifically valid and is used to assess the laboratory's performance.

682-1-83



IT ANALYTICAL SERVICES

BATTELLE MEMORIAL INSTITUTE OAK RIDGE, TN
Date: September 9, 1993 Page: 3 of 3
Client Project ID: 93-1032-SLA : Work Order: S3-07-040

P

IV. NONCONFORMANCE

There were no nonconformances associated with this work order.

V. COMMENTS

Gamma Spectrometry Analysis:

The client requested Thorium 232 and Thorium 228 to be analyzed by Gamma
Spectrometry. These isotopes are being reported as Radium 228. The client
also requested Polonium 210 to be analyzed by Gamma Spectrometry. This
isotope is being reported as Lead 210. This is based on the assumption
that the Thorium and Radium and the Polonium and Lead are in secular
equilibrium.

Uranium 238 is being reported from the 63 keV enerqgy line from the Thorium

234 assuming that the Uranium 238 and Thorium 234 are 1in secular
equilibrium.

Analysis For Samples 8-12 and 17:

Samples (08) 156120 through (12) 155517 and (17) 155503 were part of a
larger set submitted to the count room on August 9, 1993. At the direction
of the Technical Director the count room was requested to retain the QC (QC
#93-7188) from the larger set to run with this subset. The special
instructions were followed exactly with additional repetition of the
microwave digestion step and a final attempt to microwave using 10 mls each
HF/HNO,/HC... All attempts to get the samples into solution were
unsuccessful. The Technical Director finally directed that the samples
were to be suspended in a gel agent.

682-1.8%



2 IT Oak Ridge REPORT Work Order § §3-07-040

ived: 07/16/93 Results by Sample
LE ID 150804 PRACTION OlA TEST CODE ASIRPT NAME Porm to report data
Date & Time Collected not specified Category FILIER
PARAMETER RESULT 2-SIGMA ERROR UNITS
PB-210 <1.1E+2 pCifsample
RA-226 <1l.2B+1 pCi/sample
RA-228 <2.9E+1 pCi/sample
TH-230 <5,28+2 pCifeample
U-234 <2.3E+3 pCi/sample
U=235 <2.2B+1 pCi/sample

U-238 2.38B+2 0.72B+2 pCi/sample



Page 3 IT Oak Ridge REPORT Wark Order # 53-07-040

Raceived: 07/16/93 Results by Sample
SAMPLE ID 150908 FRACTION 02A  TEST CODE ASIRPT KNAME Yorm to report date
Date & Time Collected not spacified Category FILTER
PARAMETER RESULT 2-8IGMA ERROR UNITS
PB-210 1.63B+2 0.64E+2 pCi/sanmpls
RA-226 <1.4E+1 pCi/sample
RA-228 . <2.TE+1 pCi/sampla
TH-230 <5.7B+2 pCi/mample
U=234 <2.58+3 pCi/sanple
U=23% <2.4B+1 pCi/sample

U-238 2.06BE+2 0.69E+2 pCi/samplae



4 IT Oak Ridge REPORT Work Order # 53-07-040

iveds 07/16/93 Results by Sample
LE ID 150900 FRACTION 03A TEST CODE ASIRPT NAME Form to report data
Date & Time Collected not specified Catagory FILTER
PARAMETER RESULT 2-8IGMA ERROR UNITS
PB=-210 9.76B+1 7.36B+1 pCi/anmple
RA-226 <l.3E+1 pCi/nanpls
RA-228 <2,4E+1 pCi/sample
TH-230 <6.3E+2 pCi/sample
U-234 <2.5E+3 pCi/sample
U=-235 <2.5B+1 pCi/sampla

u-238 1.948+2 0.70E+2 pCi/sample



Page S IT ocak Ridge REPORT Work Order # 53-07-040

Raceived: 07/16/93 Results by Sample
SAMPLE 1D 155546 FRACTION O4A TEST CODE ASIRPT NKNAME Form to report data
Dats & Time Collected not specified Category FILTER
PARAMETER RESULT 2-SIGMA ERROR UNITS
PB=210 2.29E+2 0.85B+2 pCi/sample
RA~228 <1.2B+1 pCi/eample
RA-228 <2.78+1 pCi/aample
TH-230 <6.1B+42 pCi/sample
U=-234 <2,4B+3 pCi/sample
U235 <2.4B+1 pCi/sample

U-238 1.76842 0.62E+2 pCi/sample



& IT Oak Ridge REPORT Wark Order # 83-07-040

ived: 07/16/93 Rssults by Sample
LE ID 1561031 FRACTION DSA  TEST CODE ASIRPT NAME Form to report data
Date & Time Collected not spacified Category ¥ILTER
PARAMETER RESULT 2-SIGMA ERROR UNITS
PB=-210 1.67E+2 0.79E+2 pCi/mample
RA-226 <1.2E+1 pCi/sample
RA-228 <2.88+1 pCi/nample
TH-230 <5.6B+2 pCi/sample
U=-234 <2.6B+3 pCi/eample
0-235 <2.4E+1 pCi/sanple

U-238 2.20B+2 0.68E+2 pCi/sample



Page 7 IT Oak Ridge REPORT Work Order # S3-07-040

Racaived: 07/16/93 Rasults by Sample
SAMPLE ID 155513 FRACTION O6A  TEST CODE ASIRPT NAME Form to report data
Date & Tipe Collected not specified Cateagory FILTER
PARARMETER RESULT 2-~5IGMA ERROR UNITS
PB=210 1.66B+2 0.75E+2 pCi/sample
RA-226 <1.4E+1 pCi/sample
RA=-228 «2.5E+1 pCi/sampla
TH-230 <6.4B+2 pCi/sample
U-234 «2.5E+3 pCi/sample
U=-235 <2.TE+1 pCi/sample

U-234 2,14B+2 0.61E+2 pCi/sample



8 IT Oak Ridge REPORT Work Order # §3-07-040

ived:s 07/16/93 Results by Sample
LE ID 155521 FRACTION 07A TEST CODE ASIRPT NAME Form to repori data
Date & Time Collected not specified Catagory FILTER
PARAMETER RESULT 2-SIGMA ERROR UNITS
PB-210 1.85E+2 0.84B+2 pPCi/sample
RA-226 1.16E+1 0.60E+1 pCi/sample
RA-228 <2.6E+] pCi/sample
TH-230 <6, 4E+2 pCi/sample
U-234 <2.7B+3 PCi/sample
y-23s <2.5B+1 pCi/sampls

U-238 2.42E+2 0,75842 pCi/sample



Page 9
Received) 07/16/93

SAMPLE 1D 156120

IT Oak Ridge

Results by Sample

FRACTION 0BA

PARAMETER
PB-210
RA-228
RA-228
TH-230
U-234
U~235
U-238

Work Order # S3-07-040

TEST CODE ASIRPT NAME Form to report data

Date & Time Collectad not specified Categary PILTER
RESULT 2-SIGHA ERROR UNITS
<2.8E+1 pCi/g
<2.5B+0 pci/g
<6, 3E+0 pci/g
<1.4B+2 pCilyg
<5, 3B+2 pci/g
<5.4B+0 pci/g
4.49E+1 1.36B+1 pci/g



y 10 IT Oak Ridge REPORT Work Orcder # 83-07-040

iived: 07/16/93 Ragults by Sample
'LE ID 155538 FRACTION Q9A  TEST CODE ABIRPT NAME Yorm to report data
Date & Time Collectad pot specifisd Catagory FILTER
PARAMETER RESULT 2=-SIGMA ERROR UNITS
PB-210 <2.2E+1 PCi/g
RA-226 <2.9E+0 pCi/g
RA-228 <5.6E+0 PCi/g
TH=-230 <1.3B+2 pCi/g
U=-234 <5.2B+2 BCL/g
y-235 <4 .BB+0 pCifg

U-238 4.52E+1 1,33B+1 pCi/g



Page 11 IT Oak Ridge REPORT Wark Order # §3-07-040

Raceived: 07/16/93 Results by Sample
SAMPLE ID 155550 FPRACTION 10A TEST CODE ASIRPT NAME Form to report data
Date & Time Ccllected not specified °  Category FILTER
PARAMETER RESULT 2-3IGMA ERRCR UNITS
PR=210 <2.1B+1 pei/g
RA-226 1.66E+0 1.36E+0 peisy
RA-228 <5.8E+0 pci/yg
TE-230 <1.3E+2 pci/g
U-234 <4.8B+2 pCi/g
U-235 <5.6B+0 pcilyg

U-238 4.86E+1 1.26B+1 pCi/g



v 12
ived: 07/16/93

LE ID 156124

IT oak Ridge

REPORT

Rasults by Sample

FRACTION 1llA

PARAMETER
PB-210
RA-226
RA-228
THE-230
U-234
U-235
U-238

Date & Time Collected pot specifisd Category FILTER
RESULT 2-SIGHMA ERROR UNITS
<2.7E+1 pci/g
<2.9B+0 pCi/g
<5,TE+0 pCi/g
<1.2E+2 pCilyg
<5,1B+2 pCi/g
<d.BB+0 pci/g
4.09E+1 1.258+1 pci/qg

Wark Order # 53-07-040

TEST CODE ASIRPT HNAME Form to report data




Paga 13 IT Oak Ridge REPORT Work Order § S3-07-040

Received: 07/16/93 Results by Sample
SAMPLE ID 155517 FRACTION 12A TEST CODE ASIRPT NAME Porm to report data
Date & Time Collacted not specified Category FILTER
PARAMETER RESULT 2-8IGMA ERROR UNITS
PB-210 <2.7E+] pCi/g
RA-226 1.342+0 1.32E+0 pcilg
RA-228 <5.6F+0 pCi/g
TH-230 <1.2E+2 pci/g
U-234 <5.2E42 pci/g
U-235% <5.1B+40 pci/yg

U-2318 5.20E+] 1.42E+1 pCifg



r 14 IT oak Ridge REPORT Work Order # §3-07-040

dived: 07/16/93 Results by Sample
LE ID 155554 : PRACTION 13A TEST CODE ASIRPT HAME Form to report data
Date & Time Collected not specified Category FILTER
PARAMETER RESULT 4-8IGMA ERROR UNITS
PB-210 2.06E+2 0.78B+2 pCi/sample
RA-226 <1.4E+1 pCi/sample
RA-228 <2,5E+1 pCi/sample
TH-230 <5.BE+2 pCi/sample
U-234 <2 ,.5E+3 pCi/sample
y-235 <2.5E+1 pCi/sampls

U-2138 2.16E+2 0.60E+2 pCi/eample



Page 15
Received: 07/16/93

SAMPLE ID 155509

IT Oak Ridge

Results by Sample

FRACTION 14A

PARAMETER
PB-210
RA-228
RA-228
TH-230
U-234
U-235
U-238

NF

Date & Time Collected not specifisd Category FILTER
RESULT 2-SIGMA ERROR URITS
3.,04B+0 0.89B+0 pci/g
1.13B+0 0.21840 pCilg
7.95B-1 2.65E-1 pCi/g
<l.1E+1 pCi/g
<2.9B+1 pcify
<3,88-1 PCi/g
5.52E+0 1.308+0 pcilg

Work Ordax §# S3-07-040

TEST CODE ASIRPT NAME Porm to report data




16 IT Oak Ridge AEPORT ¥Work Order # 83-07-040

ived: 07/16/93 Results by Sample
.E ID 156103 FRACTION 1SA TEST CODE ASIRPT NAME Forwm to report data
Date & Time Collected not specified Cateqgory FILTER
PARAMETER RESULT 2-SIGMA ERRCR UNITS
PB-210 J.24E+0 0.98E+0 pei/g
RA-226 8,52E-1 1.93B-1 pci/g
RA-228 8.92E-1 2,87E-1 pci/g
TH-230 <1.0B+1 pCi/g
U-234 <3.4B+1 pCilg
U-235 3.71E-1 2.47E-1 pCi/g

u-238 4.71B+0 1.228+0 pCilg



Page 17 IT Oak Ridge REPORT Work Order # S3-07-040

Raceived: 07/16/93 Rasults by Sample
SAMPLE ID 156102 FRACTION 16A TEST CODE ASIRPT NAME Form to report data
Date & Time Collected not specified Catagory FILTER
PARAMETER RESULT 2-SIGMA ERROR UNITS
PB=210 1.29E4+2 0.78E+2 pCi/sampla
RA-226 <1,3E+1 pCi/sample
RA-228 <2.0E+1 pCi/sanple
TH-230 <6.2B+2 pCi/sample
U-234 <2.5B+3 pCi/sample
U-235 <2.2E+1 pCi/sample

y-238 2.14B+2 0.70E+2 pCi/sample



18 IT Oak Ridge REPORYT Work Ordeyr # 83-07-040

ived: 07/16/93 Rasults by Bample
LE ID 155503 FRACTION 17A TEST CODE ASIRPT NAME Form to repart data
Date & Time Collected not specified Category PILTER
PARAMETER RESULT 2-5IGMA ERROR UNITS
PB-210 <3.7E+1 pei/g
RA-226 2.63E+0 1.80B+0 pcitg
RA-228 <5.5B+0 pCi/g
TE-2130 <1.3E+2 pti/g
U-234 <5.6E+2 pCi/g
U-235 <5.1B+0 pCi/g

u-229 3.76E+1 1.178+1 pei/g



Page 19 IT oak Ridge REPORT Work Ordar # 83-07-040

Received: 07/16/%3 Results by Sample
SAMPLE ID 155542 FRACTION 18A TEST CODE ASTRPT HNAME Form to report data
Date & Time Ccllected not specified Category PILTER
PARAMETER RESULT 2=5IGMA ERROR UNITS
PB-210 3.17B+0 0.8BE+0 pcilg
RA-226 §.278=-1 2.01E-1 pcifyg
RA-228 6.74E-1 2.72B-1 pCi/g
TE-230 <9,2E+0 pCi/g
U=-234 <3.4E+1 pCi/g
U-235 3.82BE-1 2.43E-1 pCi/g

u-239 4.76B+0 1.22B+0 pci/q



20 IT Oak Ridge REPORT Wark Ordar $ 53-07-040

ived: 07/16/93 Rasults by Sample
LE 1D DUP 150504 PRACTION 19A TEST CCDE ASIRPT WNAME Form to report dats
Date & Time Collected nat specified Catagory FILTER
PARAMETER RESULT 2-SIGMA ERROR UNITS
PB=-210 1.65E+2 0.76B+2 pCi/manple
RA-226 <1.3E+1 pCi/sample
RA-228 <2.5E+1 pCi/nanple
TH-230 «<§.1E+2 pCi/sample
0-234 <2.5E+3 pCi/sample
V=235 <2,3E+1 pCi/sample

U=-238 2,40E+2 0.61E+2 pCi/sample



Page 21 IT Oak Ridge REPORT Wark order # 53-07-040

Recaived: 07/16/93 Results by Sample
SAMPLE ID RLANK RESULTS FRACTION 20A TEST CODE ASIRPT NAME Farm to report data
Date & Time Collected not specified ' category LIQUID
PARAMETER RESULT 2=-SIGMA ERROR UNITS
P93-7188-A CS-137  1.58E+1 ' DPX

B93-7188-B C8=-137 1.58E+1 DPM



22 IT Osk Ridge REPORT Wark Order # 53-07-040

iveds 07/16/93 Results by Sasple
.E ID SPIEXE RESULTS FRACTION 21A TEST CODE SPK NAME Yorm leas
Date & Tima Collected not specifiad Catagory LIQUID
UNITS DPM
PARAMETER RESULT
§93-7188-A (C8-137
KNOWN 4.078+5
FOUND 4.20E+5
NORMALI2ED DEVIATION (IN SIGMA) 0.64
§93~7188-B (C8-137
KNOWN 4.07E+5
FOUND 4.21E+5

NORMALIZED DEVIATION (IN SIGMA) .69



Paga 23 IT Oak Ridge REPORT Work Order § S3-07-040
Received: 07/16/93 09/09/93 15:02:40

BATTELLE MEMORIAL INSTITUTE

GAMMA SPECTROMETRY

PREPARED: 08/09/93, 08/16/93
ARALYZED: 08/17/93, 08/18/93



by iiioney  ANALYTICAL
CORPORATION SERVICES

CERTIFICATE OF ANALYSIS

BATTELLE MEMORIAL INSTITUTE
505 King Avenue
Columbus, Ohio 43201

ATTN: Karen Riggs

Date: August 18, 1993

Page:

l of 2

Work Order: S3-07-023

This is the Certificate of Analysis for the following samples:

Client Project ID: 58073/931032-SLA
Date Received By Lab: 07/09/93

Number of Samples: Three (3)

Sample Type: Solid

I. INTRODUCTION

On July 9, 1993, three (3) solid samples were received at ITAS-Oak Ridge,
Tennessee laboratory from Battelle Columbus Division, Columbus, Ohic. The
list of analytical tests performed as well as date of receipt and analysis

can be found in the attached report.

The samples were labeled as follows:

CLIENT SAMPLE ID TAS SAMPLE NUMBER
APR2693COAL $3-07-023-01
MAY(}193COAL §3-07-023-02
MAY0293COAL S3-07-023-03
DUP APR2693COAL 83-07-023-04
BLANK RESULTS §3-07-023-05
SPIKE RESULTS 83-07-023-06

Reviewed and Approved:

%gu (L 00)

es M. Littlefield
Radiologic Analysis Group Leader

JML/bav

Any reproductions must be made of the complete data report.

PARAMETERS REQUIRED
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One
One
Two
Two

Reviewed and Approved:
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Susan Aderholdt
Project Manager

Amencan Counci of Independent Laboratores

International Associahon of Environmental Teshing Laboralones
Amencan Asscciation lof Laborgioty Accreditation

IT Anglytical Services, 1550 Beax Creek Road, Cak Ridge, TN 37830

£81-1-89



IT ANALYTICAL SERVICES

BATTELLE MEMORIAL INSTITUTE OAK RIDGE, TN
Date: August 18, 1993 Page: 2 of 2
Client Project ID: 58073/931032-SLA Work Order: §3-07-023

I. INTRODUCTION (Continued)

List One consists of: TLead 210, Radium 226, Radium 228, Thorium 230,
Uranium 234, Uranium 235 and Uranium 238.

List Two consists of: Cesium 137.

Il. ANALYTICAL, RESULTS/METHODOLOGY

The analytical results for this report are presented by analytical tests.
Each set of data will include sample identification, analytical results,

data package including the raw data, and/or the appropriate detection
limits.

The analytical results reported relate only to those items tested.
The samples were prepared for Gamma Spectrometry using ITAS Oak Ridge

Standard Operating Procedure OR-7003, Revision 0 and counted using ITAS Qak
Ridge Standard Operating Procedure OR-7212, Revision 0.

III. QUALITY CONTROL

QA/QC information was performed on the enclosed analytical data. The
purpose of QA/QC information is to ensure the user that the data enclosed
is scientifically valid and is used to assess the laboratory's performance.

IV. NONCC ;FORMANCE

There were ho nonconformances associated with this work order.

V. COMMENTS

Gamma Spectrometry Analysis:

The client requested Thorium 232 and Thorium 228 to be analyzed by Gamma
Spectrometry. These isotopes are being reported as Radium 228. The client
also requested Polonium 210 to be analyzed by Gamma Spectrometry. This
isotope is being reported as Lead 210. This is based on the assumption
that the Thorium and Radium and the Polonium and Lead are in secular
equilibrium.

Uranium 238 is being reported from the 63 keV energy line from the Thorium
234 assuming that the Uranium 238 and Thorium 234 are in secular
equilibrium.

6821 ¢



2 ITORL CAK RIDGE

ived: 07/09/93

LE ID APR2693COML

PARAMETER
PB-210
RA-226
RA-228
TBE-230
U-234
U=-235
U238

Rasults by Sample

Work order § 83-07-023

FRACTION Q1A TEST CODE ASIRPT NAME Form to report data
Dats & Time Collacted not specified Catsgory COAL

RESULT
4.37E-1
2.26E=1
2.26B-1
<4 . 0B+0
<1,3B+1
<1,5B=1
4.938+1

2-5IGMA ERRCR
3.63E-1
0.588~1
1.01E~-1

4.13E~-1

UNITS
pei/g
pci/g
pci/g
pci/g
pci/g
pei/g
pci/y




Page 3 ITORI, GAK RIDGE REPORT Wark Order # 53-07-023

Receiveds 07/09/93 Results by Sample
SAMPLE ID MAYO193COAL PRACTION 02A TEST CODE ASIRPT NAME Form to report data
Date & Time Collected not specifiad Catagory COAL
PARAMETER RESULT 2-B8IGMA ERROR UNITS
PB-210 <4.3B-1 pCi/g
RA-226 2.80E-1 0.578-1 pei/g
RA-2328 32.25E-1 0.81B-1 pCi/g
TE-230 <3.9B40 PpCi/g
U-234 <1,3E+1 pcifg
U-~235 <1.4E=1 pCi/g

U-238 <5.7E-1 pcilg



: 4 ITORL OAK RIDGE REPORT Work Order # §3-07-023

rdveds 07/09/93 Results by Sample
'LE ID MAY0293COAL FRACTION 031a TEST CODE ASIRPT NAME Form to report data _
Date & Time Collected apt specified Category COAL
PARAMETER RESULT 2-8IGMA ERROR UNITS
PB-210 <5.0E-1 pcily
RA=226 2.52g-1 0.59E=-1 pCi/fg
RA-228 2.498-1 0.908-1 pci’g
TH-230 <4,0E+0 pCi/g
U-234 <1.3E+1 peil/g
U=235 «<l1.8E-1 pCilyg

u-238 3.77E-1 3.67E-1 peilg



Page 5 ITORL OAK RIDGE REPORT Woxk Order # §3-07-023

Racasived: 07/09/53 Results by Sample
SAMPLE 1D DUP_APR2693COAL FRACTION OdA TRST CODE ASIRPT NAME Form to report data
Date & Time Collected pot specified Category COAL
PARAMETER RESOLT 2-3IGMA ERROR UNITS
PB-210 <4.8E-1 pCi/g
RA-226 2.408-1 0.56E-1 peifg
RA-228 2.53E-1 1.02B-1 pCi/g
TH-230 <4.0E+0 pCi/g
U=-23¢4 <1.3B+1 pci/g
U-235 «<1.4E-1 pci/g

U-238 <5.3E-1 pCilg



[1 ITORL QAK RIDGE REPORT Wark Order # 53-07-023

ived: 07/09/93 Results by Sample
LE ID BLANK RESULTS PRACTION QO5A TEST CODE ASIRPT NAME Porm to_rsport data
Date & Time Collectsd not specified Catagory LIQUID
PARAMETER RESULT 2-8IGMA ERROR UNITS

B93-7186 CB-137 2.0B+1 DFM



Page 7 ITORL OAK RIDGE Work Order # S3-07-023

Received: 07/03/93 Rasults by Sawple
SAMPLE ID SPIXR RESULTS FRACTION 0O&A TEST CODE ASIRPT NAME Form to report data
Date & Time Collacted mot specified . Category LIQUID
PARAMETER RESULT 2-SIGMA ERROR URITS
593-7186 C5-11317
KNOWN 2.15E+5 OPM
FOUND 2.36B+5 DPM

NORMALIZED DEVIATION 1.95
(IN SIGMA}



s 8
sived: 07/09/93

TELLE MENORIAL INSTITUTE

4A SPECTROMETRY

JARED: 08/03/93
LYZED:s 08/17/93

ITORL OAK RIDGE REPORT
08/18/93 12321358

Work Order # 53-07-023
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ITAS QOak Ridge Laboratory
Gamma Spectroscopic Analysis

Page: 1

{OR-7003)
port 2: summary of Positively Identified Nuclides
mple ID: B-93-7186 Acquisition Date 17-AUG~-1993 11:36:19
Nuclide (pci / gram)

Name Lc | Id | Ly | Activity | 2~Sigma Error
BI-214 1.3E-02 2.9E-02 1.7E~01 4.82E-02 2.50E-02 ( 52%)
RA«-226 1.0E-02 2.3E-02 1.4E-0Q1 1.97E-02 1.75E~02 ( 89%)
TH~234 8.,7E-02 1.9E-01 8.7E-01 0.18E-01 1.50E-01 (828%)
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ITAS Oak Ridge Laboratory
Gamma Spectroscopic Analysis

Page: 1

(OR-7003)
port 2: Sunmary of Positively Identified Nuclides
mple ID: B-%3-7188 Acquisition Date : 19-AUG-1993 08:33:51
Nuclide (pCi / Liter)

Name Lc | 1d [ Lq | Aetivity | 2-Sigma Error
PB-212 6.8E+00 1.5E+01 6.7E+01 | 0.09E+01 | 1.01E+01 {(——=%)
BI-214 1.2E+01 2.8E+01 1.4E+02 1.48E+01 1.85E+01 (132%)
U-234 2.3E+03 4.9E+03 2.3E4+04 | 3.78E+03 | 3.61E+03 ( 96%)




APPENDIX D



Metals Calculations: Mercury

Test
Date

Mercury flue gas loadings

ESP Inlet (Location 18)
Gas flow rate, dry
Gas flow rate, dry
Mercury loading
Mercury emissions

. Mercury emissions

P OQutiet (Location 12)
. Gas flow rate, dry
Gas flow rate, dry
Mercury loading
Mercury emissions
18. Mercury enissions

0®mum B orawo~

SNRB Inlet (Location 2)
11. Gas flow rate, dry
12. Gas flow rato, dry
13. Mercury loading

14. Mercury emissions
15. Marcury emissions

SNRB Baghouse Inlet (Location 5)

Gas flow rate, dry
17. Gas flow rate, dry
18. Mercury IOIding
19. Mercury emiasions
28. Mercury emissions

SBRB Outlet (Location 7)
21. Gas flow rate, dry
22. Gas flow rate, dry
23. Mercury loading

24. Mercury emissions
25. Mercury emissions

-------------------------------------------------------------------------

Mercury mass balances

Boiler Furnace

26. Pulverized fuel fired
27. Mercury in pulv. coal
28. Mercury in pulv. coal

29. Furnace mercury smissions

33. Bottom ash
31. Mercury in bottom ash
32. Mercury in bottom ash

33. Economizer hopper ash
34. Mercury in hopper ash
35. Mercury in hopper ash

38. Total mercury out
37. Mercury in - Mercury out
38. Mercury out/mercury in

dscf/uin
dsca/h
ug/dsca

g/br
Ib/hr

dscf/uin
dsca/h
ug/dsen
g/hr
Ib/he

dscf/uin
dsca/h
ug/dscs
gihr
ib/hr

dscf/nin
dsca/h
ug/dsce

dsef/ain
dsca/h

tb/hr
u
Ib/hr
Ibfhr
lbfhe
ug/g
Ib/hr
tb/hr
ug/g
Ib/hr

Ib/hr
Ib/hr

M-1 N-2 ¥-3
4/27/93  4[29/93 4/38/93

341246.3 345208.5 341152.2
579792.89 588223.88 579632.21
121596 11.5978 18.1201
7.858 6.822 £.888
.B156 8158 0129

374433.2 3736892.3 375386
638178.86 835259.85 8376888.98
9.8043  9.8847 11.2115
6.728 8.162 7.148
.6128 .9138 .0158

7544.8 78524 8204.2
12818.939 13341.584 13599.479
8.1981 7.9234 14,1601

.B7942743 185718656 .19256998
.BEQ17510 00823385 90042454

8199.9 8869.8 9868.9
13931.982 1686%.831 16787.6884
7.23 9.4087 11.1198

L18072923 (14184896 .1884539
.580822206 .89831232 .02041185

9514.8 981486 1P06B.6
16165853 18875426 17186.943
16.9941 11.14  15.0856

17773128 .186768426 25772626
.09939182 00040953 .@0E58818

Comments

From emissions calculations
(#1/36.314)+80

From metals analysis
§2+§3/1000022

§4/453.8

From emissions calculations
(#6/35.314) #68

From metals analysis
1748/1000029

§9/453.8

From enissions calculations
{§11/36.314) 460

From metals analysis
§12+§13/1002029

§14/453.8

From emissions calculations
($16/35.314)+50

From metals analysis
#17+§18/1000000

$19/453.8

From emissions calculations
(#21/35.314)+82

From metals analysis
§22+§23/1980068

§24/453.8

126248 128248 126240
.13 13 .13
L0184112 .#4164112 .9184112

00787414 01021874 .01790497
3629.7139 3529.7139 362¢.710
’ B ]

.009¢ N 0009
1175.6898 1178.6898 1178.6898
¢ 8112 ]

0 63981320 e
.B8787414 01822994 21798497

.90853726 .#AB18126 -.8015738
.488 .623 1.896

.§164112

91282528

. Bo00R448

.733

32235408

From Sheet 1
From analysis
§26+§27/1000080

(§2-§22+§12) (§13) + (1/ (18008084453 .8))

From Shest 1, avarage
From analysis
§30+§31/1200008

From Shest 1, average
Fros analysis
§33+§34 /18000809

$29-§32.435
§28-j36
§36/§20
STDS



ESP o
39. £SP inlet mercury emissions

43. ESP outlet mercury esissions

41. ESP hopper particulate
42 Mercury in ESP part.
43, Mercury in ESP part.

44, Total mercury out
45, Mercury in - Mercury out
48. Mercury out/mercury in

Boiler and ESP
47. Mercury-in pulv. coal

47a Mercury exiting to SNRD system

Ib/hr
Ib/hr
Ibfhe
ugfg

Ib/hr

Ib/he
Ib/hr

ibfhr
Ibfhr

47b Mercury entering from SNRB systeml|b/hr

48. Tota! mercury cut (sxcept }47a)

49. Mercury in - Mercury out
5. Mercury out/mercury in

SNRB systes
51. SNRB system inlet mercury

§2. Ca{OH)2 injection
53. Mercury in Ca(0H)2
54, Mercury in Ca(0H)2

55. Baghouse discharge
58. Mercury in baghouse discharge
67. Mercury in baghouse discharge

58. SNRB systes outlet esissions

59. Tota) mercury in

60. Total mercury out

€1. Mercury in - Mercury out
62. Mercury out/mercury in

ib/hr
ib/hr

ib/hr

{b/hr

ug/g
ibfhe

tb/hr

ug/g
Ib/hr

1b/hr
Ib/hr

Ib/hr
1bfhr

.Bg787414
81282861

11529.248
.2623
.B8302412

81566273
-.8a77788
1.988

1684112
02817618
.BRd3s162
01586273
.00097519

.842

.02017518
450

.98039182

.00817510
.28839182
- Bee2167

2.238

81821874
.9§1368328

11529.249
.3922
-ge4s2177

21808583
-.B#78883
1.778

8184112
.20923326
.08948953
.81829823
-.8915185

1.698

.90423346
441

. 00040953

.00023306
.90842953
-.9991765

1.787

91798497
.@1578880

11529.249
.5183
.02588338

02184426
-.0038593
1.283

9184112
08842454
.98856818
92184426
-.Ba5a804

1.340

.B0842454
458

)

0

843

§

0
.8d@56818
08342454
.Booses1s

-. 5001436
1.338

.091202628
91398426

00447642

i.an
17978478

98227756

]
. 88845851

($2-§22+412) 2 (§13) % (1/ (1000300+45;
1o

From Sheet 1, average
From analysis
§23-§25/1000820

§48-43
§39-f44
f44/420

j28

#51

§se

§32§35 43+ 445
§47§47b-J48-}47a
(§48+447a) / (J47+47b)
STDS

§15

From process data
From analysis
§52+§53 /1008008

From sheet 1, average
From analysis
{#55+§56/ 1802009

§25

§51+454
§57+458
§59-§68
R

------------------------------------------------------------------------------------------------------------

Mercury Emission Factors
83. Coal firing rate

84. Coal heating valye
85. Firing rate

Boiler emissions
86. Mercury emissions
B7. Mercury eaissions

ESP emissions
88. Warcury emissions
69. Mercury eaissions

SNRB emissions
78. Mercury emiasions
T1. Mercury emissions

Removal Efficiencies
72. ESP
73. SNRB

Ibfhe
Btu/!b
18+6 Btuh

b/he
1b/168 Btu

thfhe
Ib/1%s68 Btu

Ib/hr
1b/16+6 Btu

percent
percent

126248
12821
1593.2758

08787414
0000049

81282861
00082793

.8g@39182
.Bgeal11e6

-88.3868
-123.7865

126240
12621
1553.275¢8

.B61821874
.B00264

.81356326
00829851

- 08940953
.seee1127

-32.7653
-76.7291

126240
12821
1593.2758

. 81798497
.9000113

.g1578988
.000eas89

.0056818
-890@1511

12.3684
~33.8346

.B828e75
.08080332

.Jggegere
.Jedogial

89891248

N )

From Sheet 1
From Sheet 1, average
#63+J64

(§2-422+312) » (J13) » (1/ (10008695453
§85/§65

f1s
je8/ 85

§25
(F7e/485)« (1 -§21-11) /111)

(§57-§69) 0108/ 467
(§51-§58) »188/§51



Matals Calculations: Chromium

Test M-1 W-2 W-3 Comments
Date 4J27)93  4]29/93  4/38/93

Metal flue gas foadings

ESP Inlet (Location 18)

1. Gas flow rate, dry dscf/min 341248.3 348288.5 3411B62.2 From emissions calculations
2. Qas flow rate, dry dsca/h 579792.894 588223.984 579632.214 (§1/35.314)+868

3. Metal! Ioading ug/dsca 195.88 579.88 422.16 From metais analysis

4. Metal emissions g/nr 113.523202 335.884794 244 897635 §2+§3/ 1000000

5. Metal emissions Ib/he 250271808 748319393 .539456848 #4/453.8
ESP Qutiet (Location 12)

8. Jas flow rate, dry dscf /ain 374433.2 373892.3 375386 From emissions calculations
7. Gas flow rate, dry dscafh 836178.6860 835259.847 837559.984 (§6/35.314)+88

8. Metal loading ug/dsca .16 z.11 1.08 Froam metals analysis

9. Metal emissions g/hr 181788499 1,34039859 .8088873863 {7+§8/1020800

18. Meta! emissions Ib/hr 080224401 992955010 .001618248 §9/453.8
SNRB Inlet (Location 2)

11. Gas flow rate, dry dscf/ain 7544.8 7862.4 8004.2 From emissions calculations
12. Gas flow rate, dry daca/h 12818.9387 13341.5843 13509.4798 (§11/36.314) 468

13. Metal loading ug/dsce 883.42 284 .85 1402.91 From metals analysis

14, Metal eaissions g/hr 8.76071906 3.533613290 19.6788450 §12+413/ 1000008

15. Metal emissions ib/hr .919313765 .987789932 .042068948 f14/463.8

SNRB Baghouse Inlet (Location 5)

16, Gas flow rate, dry dscf/min 8199.9 8889.6 0868.9 From esissions calculationa
17. Gas flow rate, dry dsca/h 13931.0817 15089.8387 18767.8842 (#16/35.314)#68

18. Metal loading ug/dsce 388,62  1142.46 93304 From metals analysis

19. Motal emissions g/hr B.41424671 17.2157745 82.7298718 #17+418/1800000

28. Metal emissions Ib/he 011938178 .#37953648 .152383314 §19/453.8

SBRE Outlet (Location 7)

21, Gas flow rate, dry dscf/min 9514.8 9014.8  10988.6 From emissions calculations
22. Gas flow rate, dry dsca/h 18188 9531 18875.4282 171869331 (§21/35.314) 460

23. Metal loading ug/dsca .68 15.38 N From metals snalysis

24. Meta| emiasions ga/hr § 172757415 .B38B55349 §22+§23/ 1000200

25. Metal emissions lb/hr § 000380858 008291888 §24/453.8

Chromiua mass balances

Boiler Fyrnace

26. Pulverized fual fired 1b/hr 126248.8 1282488 126240.0 Fros Sheet 1

27. Metat in pulv. coal ug/g 14.88 16.09 14.48 From analysis

28. Metal in puly. coal Ibjhr 1.78736 2.91984 1.78738 1.85152 $25+)27 1002000

29. Furnace metal emissions Ib/hr .B68585352 341507730 1.78185872 99720068  (§2-§22-§12)« (§13) ¢ (1/(1008280+453.8)
38. Bottom ash Ibfhr 3529.71391 3529.71391 3529.71391 From Sheet 1, average

31. Metal in bottoms ash - ug/g 1902.3 116.4 111.6 From analysis

32. Metal in bottom ash Ib/he .381869733 .4097320988 .393563181 38732727 J30s§31/1800000

33. Economizer hopper ash Ib/hr 1178.88988 1178.48988 1178.68988 From Sheet 1, average

34. Metal in hopper ash vglg 122.8 128.9 116.5 Froa analysis

35. Metal in hopper ash Ibfhr JI44T43108 (142683597 .138138672 .14112848  J33+§34/1000009

38. Total metal out Ibfhr 1.37433819 .891340322 2.31156868 §29+§32+435

37. Metal in - Metal out Ib/hr .393921807 1.12849988 -.64420058 j28-§38

38. Metal out/metal in 777622099 441292539 1.30791717 84227727  J36/j28

. 43691587 STDS



ESP

39. ESP inlet metal emissions Ib/hr .868505352 341587739 1.78185872 09720068  (§2-§22+§12)+ (§13)#(1/ (1960060

4. ESP outiet metal emissions Ib/hr .080224421 902955019 .0P1518248 00156589  §10

41. ESP hopper particulate ibfhr 11529.2495 11529.2495 11529.2495 Fros Sheet 1, average

42, Metal in ESP part. ug/g 124.5 124.3 122.3 From anaiysis

43. Metal in ESP part. Ib/hr 1.43530158 1.43308571 1.4180272]1 1.4261882  §23.§25/1000008

44. Total metal out Ibfhr 1.435816968 1.43804973 1.41154545 48+§43

45. Metal in - Metal out Ib/hr -.58711861 -1.9945339 378313271 39-§44

46. Matal ocut/metal in 1.65207307 4.20509201 792175852 J44 /439

Boiler and ESP

47. Metal in pulv. coal Ib/he 1.76738 2.01984 1.76738 28

473 .Metal exiting to SNRD systea Ib/hr 919313756 .@207789932 .B42060948 51

47b Metal entering from SNRE system |b/hr ? .900380a50 .@08B21886 58

48. Total metal out (except §47a) Ibfhr 1.94144880 1.98587331 1.94124723 §32+§35+§43+48

49. Metal in - Metal out lb/hr -.10340256 .B2BS57814 -.21594829 JAT+§ATh-J48-§4T2

58. Metal out/metal in 1.18943920 .9866541P4 1.12218586 1.6728233 (§48+§47a) / (J47+47b)
874724280  STDS

SNRB systes

51. SNRB systes inlet metal ib/hr 619313755 .007789932 0420609468 02385488 16

52. Ca(0H)2 injection Ibfhr 450 a4l 458 From process data

53. Metal in Ca{0H)2 ug/g 1.3 1.3 1.3 Frem analysis

54. Metai in Ca(OH)2 Ib/hr 000585  .BOD5733  .B0B5954 .Q0B58457  J52+§53/12060090

B5. Baghouse discharge 15/hr 843 843 843 From Sheet 1, average

58. Metal in baghouse discharge ug/g .4 31.9 3.8 From analysis

B7. Metal in baghouse discharge Ib/he 0284782 0288917  .0293384 .@275B81F  §55«}56/1000008

58. SNRB system outlet emissions Ib/hr @ .000380858 020081886 86012758 §25

59. Total ametal in Ibfhr .B198968755 .006383232 .942858348 §51+§54

88. Total metal out Ib/hr .B264702 827272556 .020338288 §57+§58

81. Metal in - Metal out Ibfhe -.88857145 -.81898033 .#13318868 §59-§68

82. Metal out/metal in 1.332 3.261 .888 §58/§59

Chrosium Emission Factors

63. Coal firing rate Ib/hr 1268248 128240 126248 From Sheat 1

84. Coal heating value Btu/lb 12621 12621 12821 Froa Sheet 1, average

85. Firing rate 18¢8 Btuh  1593.27564 1593.27584 1593.27584 183484

Boiler enissions

88. Metal emissions Ib/hr 888585352 341587739 1.78185872 (§2-§22-§12) # ($13) + (1/ (1602205+:

87. Metal emissions ib/i@»8 Btu 920545187 898214343 001118382 .9A062594  §86/§65
.08g4574@

ESP emissions

68. Metal emissions Ib/hr 086224491 .802955019 091518240 s

69. Metal emissions ib/16+8 Btu .Dod02dl41 099281855 000000953 .000000808  §88/§65
.00000086

SNRB emissions

78. Metal emissions Ibfhr # .808384858 .@00201888 {25

71. Metal emissions 1b/16+8 Btu @ 030819479 .000308056 80080351 (F7e/465)» ((1-§21+411) /11)
. 60000604

Removal Efficiencies

72. ESP percent 99.9742  99.1347  99.9148 (§67-§69)s188/§87

73. SNRB percent 100.9208  95.1189  99.995§ (§51-458) +185/§51



Wetals Calculabions: Cadmium

Test
Date

Metal flue gas loadings

ESP Inlet (Location 19)
. Gas flow rate, dry
Gas flow rate, dry
Metal loading

Metal emissions
Metal emissions

P Outiet (Location 12}
. Gas flow rate, dry
Gas flow rate, dry
Metal loading

Metal emissions

18. Neta! emissions

SNRB Inlet (Location 2)
11. Gas flow rate, dry
12. Gas flow rate, dry
13. Metal loading

14. Metal emissions

15. Wetal emissions

n@-ﬂmm M#WMI—I

SNRB Baghouss Inlet (Location )

Cis flow rate, dry
17. Gas flow rate, dry
18. Metal loading
19. Metal emissions
20. Metal emissions

SBRB Outlet (Location 7)
Cas flow rate, dry

22. Gas flow rate, dry

23. Metal loading

24, Wetal emissions

25. Meta! emissions

----------------------------

Cadmium mass balances

Boiler Furnace

28. Pulverized fue! fired
27. Metal in pulv. coal
28. Metal in pulv. coal

29. Furnace metal emissions

39. Bottom ash
31. Metal in bottom ash
32, Metal in bottoa ash

33. Economizer hopper ash
34. Metal in hopper ash
35. Metal in hopper ash

36. Total matai out
37. Metal in - Metal out
38. Metal out/metal in

dscf/min
dsen/h
ug/dsca
g/hr
Ibfhr

dscf /ain
dsca/h

dscf/win
dsca/h

dscf fain
dsca/h
ug/dsca
g/hr
l&/hr

dscf/uin
dseafh
ug/dsca

u-1 M-2 M-3
4/27/93  4/29/93  4/38/93

341248.3 346208.5 341162.2
579792.09 6688223.988 579632.21

.91 G.68 3.37
52761981 3.3293427 1.9533808
.00118318 84733982 92430835

374433.2 373892.3 375308
835178.08 B835259.06 637662.98

g # 8
§ ) )
g 2 8
7644.8  7852.4 8684.2

12818.939 13341.584 13589.47%

7.4 1.48 12,83
.09488815 .019478588 17448132
.2029913 (22004204 .BOT3B4RS

8199.9 8869.6  9863.9
13931.982 156069.831 18787.684
3.98 .26 .09
955644929 84897895 L)
80812224 92818797 g
9514.8 9814.86 18283.6

16168 .853 18675.428 17106.983

.33 1.18 .18
.B8533488 81834297 29307928
.D0280117¢6 .00004844 00900679

1b/hr

vg/g
Ibfhr

Ib/hr

Ib/hr

ug/g
ib/hr

Ib/hr

ug/g
Ib/he

Ib/hr
Ib/hr

Comaents

From emissions calculations
(#1/35.314) 480

From metals analysis
§2+43/1000028

§4/453 .8

From emissions calculations
(§6/35.314)+68

From metals analysis

§7+}9/ 1802000

§3/453.¢

From emissions calculations
{#11/35.314)+88

From metals analysis
#12+413/1000800

$14/453.8

From emissions calculations
(#16/35.314) 488

From metals analysis
§17s418/1000008

$19/453.8

From emissions calculations
(§21/35.314) ¢80

From metals anaiysis
§22+423/1000004

§24/463.8

128248 128240 126248
N .28 .08
L) ’ ]

98940408 .29188250 .91629559

3529.7139 3529.7139 3529.7139
3.0 2.8 2.9
81858914 90917728 81923817

1174.8898 1178.8695 1178.88%8
2.6 18.4 4.2
.§9294672 .52108789 08588837

02293996 .83274773 93160613
~. 0229420 - B32TATT - 9315281

80919409

918200808

. 60590898

--------

From Sheet 1
From analysis
§26+§27 /1506080

($2-422+412) % (§13)+ (1/ (10600884453 .6))

From Sheet 1, average
From analysis
§30+§31/1000080

Fros Sheet 1, average
From analysis
§33+§34 /1000006

$29+§32.35
§28-§38
§3s/f28



EsP

39. ESP inlet metal emissions ib/hr 89949488 .02@188258 .91829559
43. ESP outlet metal emissions Ib/hr g 9 9
41. ESP hopper particulate 1Y) 14 11529.249 11529.249 11529.249
42, Metal in ESP part. ug/g 1.3 1.5 .8
43. Metal in ESP part. ibfhr 81458882 .61729387 .04922348
44, Total metal out Ib/hr 61498882 81729387 .9092234@
45. Matal in - Metal out Ib/hr ~,0855839 -.91564113 .P8787219
48. Metal out/setal in . 1.5937781 9.1882628 .56688584
Boiler and ESP

47. Metal in pulv. coal Ib/hr [ § §
47a. Metal exiting to SNRB system ib/hre .B8020913 . 00004254 .00838458
47b Metai entering from SNRB system |Ib/hr .80001178 .Bd0a4244 .PREREETY
48. Total meta! out (except }47a) Ib/hr .82852389 .04815902 .02452794
49. Metal in - Metal out 15/hr -. 9287213 -.2481615 - 9249058
58. Metal out/metal in 2443 9725 1191.9778 3669.8312
SNRB systes

61. SNRB system inlet metal Ib/he .89020913 .00024294 .60938466
52. Ca{0H)2 injection Ibfhr 450 441 458
53. Matal in Ca(OH)2 ug/g ) [ ]
54. Metal in Ca(JH)2 Ib/hr ) 8 [
§5. Baghouse discharge Ib/hr 843 843 843
56. Metal in baghouse discharge ug/fg ] [ ]
57. Metal in baghouse discharge Ib/hr ] ) [
58. SNRB system outlet emissions Ib/hr 00091176 .80284944 . B02BO8TS
59. Total metal in ibfhr .B0R20913 80804294 90038488
88. Total metal gut Ibthe .2QBZ1175 .9eBB4044 L POERBETY
61. Metal in - Metal out Ibfhr .80019737 .00088258 .@0A37787
82. Metal ocut/mstal in 05623855 94169447 #1764808
Cadwium Emission Factors

83. Coal firing rate ib/hr 126248 126248 1282482
84. Coal heating value Btu/lb 12621 12821 12821
85. Firing rate 1848 Btuh 1693.2758 1593.2768 1593.2750
Boiler smissions

B6. Metal emissions Ib/hr 09949408 .98188268 91829559
67. Metal emissions Ibf18+8 Btu .82208500 30000118  BEE01923
ESP emissions

88, Metal emissions Ibfhr 2 [ ]
69. Metal emissions Ibf18s6 Btu ] s (]
SNRB emissions

78, Metal emissions Ib/hr .BEea1176 .00004044 .pG2AETY
71. Metal emissions Ib/12«6 Btu 060028233 .9P009111 .00PRGE18
Removal Efficiencies

72, ESP percent 198.00¢0 108.9060 198.08020
73. SNRB percent $4.3781 5.8366 ©8.2352

98919409

.91383519

.08821224

]
.20881966

. BapeasTy

. 60809452

. 02000054

. 02992858

(§2-$22+412) » (§13) # (1/ (1000880445
§18

From Sheet 1, average
From analysis
$23+§25/1000080

TR
§39-§44
v

§32+§35+443.}40
$47+J4Tb-J48-§47a
(§48-3472) / (§47+47b)

; 213

From process data
From analysis
§52+§53 /1800008

From Sheet 1, average
From analysis
§55+§56/ 1600080

§25

§51+54
57458
§59-89
f68/§59

From Sheat 1
From Sheet 1, aversge
j83+j84

(12-422+§12) % (§13) (1] (10008004453
§66/465

e
jes/es

§25
(#7e/468) « (($1-§21-411) /§11)

(167-§69) +108/§67
(§61-58) 188/ §51



Metals Calculations: Nickel

Test
Date

Metal flue gas loadings

ESP Inlet (Location 18)
. Gas flow rate, dry
Gas flow rate, dry
Metal loading

Mata| emissions
Metal emissions

P Dutlet (Location 12)
. Gas flow rate, dry
Gas flow rate, dry
Metal loading

Metal emissions

18. Metal emissions

ﬂb'--lﬂm m&ml\"h—'

SNRB Inlet (Location 2)
11. Gas flow rate, dry
12. Gas flow rate, dry
13. Metal loading

14. Metal emissions

15. Metal emissions

SNRB Baghouse Inlet (Location 5)
16. Gas flow rate, dry

17. Gas flow rate, dry

18. Metal loading

19. Metal emissions

28. Metal| emissions

SBRA Outlet {Location T)
21. Gas flow rate, dry
22. Gas flow rate, dry
23. Metal loading

24. Metal emissions

26. Metal emissions

M-1 N-2 N-3
4/27/93  4/29/93  4/30/93

Nickel mass balances

Boiler Furnace

26. Pulverized fuel fired
27. Matal in pulv. fuel
28. Metal in pulv. fuel

29. Furnace metal emissions

30. Bottom ash
31. Metal in bottonm ash
32. Metal in bottom ash

33. Economizer hopper ash
34. Metal in hopper ash
35. Metal in hopper ash

38, Total metal out
a7. Metal in - Metal out
38, Metal ocut/metal in

Comnents

From eaissions calcuiations
(§$1/35.314) 408

From metals analysis
§2+§3/1820080

#4/453.8

From emissions calculations
(§8/35.314) 89

From setais analysis
§7+§0/1000000

$9/453.8

From emissions calculations
(§11/35.314) 80

Fros metais analysis
§12¢}13/1080000

§l4/453.8

From emissions calculations
(§18/35.314)+68

From metais analysis
§17+418/1800008

§19/453.8

From emissions calculations
(§21/35.314)+88

From metals anmalysis
§22+§23/ 1000000

§24/453.8

dscf/min 341248.3 346208.5 341152.2
dsca/h 579792.89 588223.88 579632.21
ug/dsen 69.83  313.88  162.95
g/hr 49.4868882 164.16088 94.451859
tb/hr 08925879 40690842 20822548
dscf/ain 374433.2 373892.3 315308
dsca/h 635178.86 635259.85 £637666.98
ug/dace .08 .23 .08
g/hr § 14810958 ]
Ib/hr § 88032211 §
dscf/min 7544.8  7852.4 80842
dsca/h 12818.939 13341.584 13599.479
ug/dsca 309.59  160.72  888.41
g/hr 3.9886152 2.9108488 9.0908277
{b/hr JBB874915 90443307 02003974
dsef/ain 8199.9 8869.6 §688.9
dsca/h 13931.982 15069.831 16787.684
ug/dsce 189.48 793.26  285.58
g/hr 2.5133295 11.964294 4.7885153
Ib/hr 6554885 .82635428 091965869
dscf/sin 9514.8 9B14.6 10883.5
dsea/h 16166.853 18875.428 :T108.983
ug/daca 2.49 88.77 .M
g/hr LB4@25347 1.4882778 ’
Ib/hr .00208874 89326348 [
Ib/hr 128248 128240 128240
ug/g 7 9 8
ib/hr .88388 1.13618 1.89992
Ibfhe .39343388 19424414 84895837
Ibfhr 3529.7139 3529.7139 3629.713%
ugfg 42.1 76.3 45.4
Ib/he .14880808 .26578748 16824901
tb/hr 1178.6898 1178.8898 1178.6898
ug/g b§.9 69.2 48.3
ib/hr .95998531 .D69T7044 85693872
bfhe 60203313 52991004 1.8661381
Ib/hr 28184987 .682824998 -.£58218]1

88127618 48640441 1.8558859

1.88092

47891213

19154581

. 06223482

. 73444883
. 29820768

From Sheet 1
From snalysis
§26+)27/ 1000008

(#2-§22+§12) w (§13) » (1/ (10002084453 .6) )

From Sheet 1, average
From analysis
{38+]31/1020000

From Sheet 1, avarage
From analysis
§33¢§34 /1000600

§28+432+435
§28-438
§38/§28
STDS



(534

39. ESP inlet metal emissions

48. ESP outlet metal emissions
41,
42.
43.

ESP hopper particulate
Metal in ESP part.
Metal in ESP part.

Total metal out
Metal in - Metal out
Metal cut/fmeral in

vy
45.
i6.

Boiisr and ESP

47. Metal in pulv, fuel

47a2.Metal exiting to SNRD systes
47b Metal entering from SNRB system
48. Total metal ocut (except }47a)
49. Metal in - Metal out

5. Metal out/metal in

SNRB system
51. SNRG systea inlet metal

52.
53.
B4,

Caf{0H)2 injection
Metal in Ca(0H}2
Metal in Ca(0H)2

5.
58.
§7.

Baghouse discharge

Metal in baghouse discharge
Meta! in baghouse discharge
58. SNRB system outlet emissions
§9.
8.

&l.
82.

Total metal in

Total metal out
Metal in - Metal out
Matal out/metal in

______________________________________________________________

Nickel Emission Factors
83. Coal firing rate
64. Coal heating value
85. Firing rate

Boiler emissions
66. Metal emissions
67. Metal emissions

ESP emissions
B8. Metal emissions
69. Metal emissions

SNRD emissions
7@, Metal emissions
71. Metal emissions

Removal| Efficiencies
72. ESP
73. SNRB

Ib/hr
Ib/hr

Ib/hr

ug/g
Ib/hr

Ib/hr
Ib/hr

1bfhr
ib/hr
Ib/hr
Ib/hr
Ib/hr

Ibfhr
Ibthr
ug/g

Ib/he
ib/hr
ugfg

Ib/hr
Ib/hr
Ib/hr

Ib/hr
Ib/hr

{b/hr
Btu/Ib
188 Btuh

Ib/hr
|b/18e8 Bty

Ib/hr
Ib/10+6 Btu

tb/hr
Ib/10+8 Btu

percent
parcent

,39343368 19434414 84895837 47891213 (§2-§22+§12) (J13) (1] (1008500245:
9 .98232211 0 .96016737 J10
11529.249 11529.249 11529.249 From Sheet 1, average
52.2 69.7 B9.1 From analysis
80182682 68029619 .B8137864 .85716722  }23.§25/1900008
.6@182602 .68281831 .881378684 F49-443
-.2083930 -.4942742 .16767973 §39-444
1.5296772 3.5432932 .BE20B548 Ja4 /39
.88368 1.13818 1.06992 je
60874915 .006443307 082093974 §51
.000eBa74 203208340 [ $58
81942369 1.8241842 89855837 #32+§35+§43. 40
.B8459650 .11880613 .#9132188 FAT+§47b-§48-§47a
.927 903 .518 913 (J48+§4Ta) [ (J47+47b)
81245288 STOS
.G8B74016 .@0443347 02003974 61187399 16
45¢ 441 458 From process data
[ ] [ Fros analysis
) ] [ 0 §52+§53/1008060
843 843 843 Froam Sheet 1, average
12.¢ 19.2 12.8 From anzlysis
.018116 9181858 .G18118 .9121392  §55+§58/1800029
. DB08RT4 .B0320340 g 06111738  J25
.BO874915 98443307 020030974 §51+§54
01020474 91944900 910118 §57+§58
-, B814566 - 9150159 .PB9Y23T4 §59-}58
1.1863893 4.3872527 .50473688 $60/§59
126246 126240 126248 Fros Sheet 1
12621 12621 12621 Fromn Sheet 1, average
1593.2768 1593.2750 1503.2768 §83+§64
.30343385 .19434414 .84895837 (§2-§22+412) 0 (§13)#(1/ (1080000453
80824893 20812198 .92053284 .PB038058  §56/§65
_ .50@21e82
0 .80932211 (] 10
8 .00920920 § .00008087  §8B/}55
.Jedesel2
00008874 00326340 ) §28
.00009250 82808579 8 92003877 (§707465) « ((J1-§21+411) /1)
28085113
180 99.834257 188 (§87-489)+128/§87
96.985795 26.385134 198 (#61-§58)s108/§51



Metals Calculations: Barium

Test
Date
Metal flue gas loadings

ESP Inlet (lLocation 1E)

O'I-F-OIMD-‘

#
R

. Cas flow rate, dry
Gas flow rate, dry
Metal loading
Metai emissions
Metal emissions

Butlet (Location 12)

. Qas flow rate, dry

. Gas flow rate, dry
Meta! loading
Matal emissions
Metal emissions

SO0~

1

SNRB Inlet (Location 2)
. Gas flow rate, dry

12. Gas flow rate, dry

13. Metal loading

14. Metal eaissions

15. Metal emissions

SNRB Baghouse Inlet {Location 5)

Gas flov rate, dry
17. Gas flow rate, dry
18. Metal ioading
19. Metal emissions
28. Wetal emissions

SBRB Outlet (Location 7)
21. Gas flow rate, dry
22. Gas flow rate, dry
23. Metal loading

24, Metal emissions

25. Metal emissions

Barium mass balances

Boiler Furnace

28. Pulverized fuel fired
27, Metal in pulv. coal
28. Metal to furnace

29. Furnace metal emissions

38. Bottom ash
31. Metal in bottom ash
32. Metal in bottoms ash

33. Economizer hopper ash
34. Metal in hopper ash
35. Metal in hopper ash

38, Total metal out
37. Metal in - Metal out
38. Metal out/metal in

dscf/min
dsem/h
ug/dsca

dscf/min
dscafh
ug/dsce

g/hr
Ibfhr

dsef/ain
dsca/h
ug/dscm

dsef/ain
dsca/h
ug/dscm

dscf/ain
dsca/h
ug/dsce

g/hr
tb/hr

ibfhr

ug/g
Ibfhr

lb/he

Ibfhr

ug/g
Ib/hr

Ib/hr

/e

Ibfhr
Ib/hr

M-1
4/27/93

N-2 M-3
4/29/93  4/38/93

341248.3 348288.5 341152.2
579792.89 588223.98 579632.21

332,95  859.24 86049
193.04178 535.42480 458,78772
42567711 1.1142622 1.9996761

374433.2 373892.3  3T6aes
636178.86 635269.85 637680.%98

8 3.41 &
6 2.1662334 )
@ 00477585 8
7644.8  7852.4  8804.2
12818.939 13341.564 13599.47¢
925.86 739.87 2984.73
11.8B85851 9.8683548 48.318783
.92615926 .92175583 .98888621
8199.9 8889.8  9888.9
13931.982 15069.831 18767.684
217 .85 137.21 92.89
3.0350622 2.8677315 1.6676602
00669110 .@A455849 60343375
9514.8  9814.6 19088.6
161688.853 16675.426 171!5 983
-8 .38 .09
@ .ea5e02683 ?
0 .29081183 L
128248 126248 120240
45 bl 48
5.8308 6.43824 5.80784 5.97538
1.1763386 96375884 3.78555168 1.9652157
3529.7139 3529.7139 3529.713¢
182.8 212.1 147 .4
.84523179 74865232 52027983 .B63885462
1178.8898 1178.8898 1178.8398
i71.1 219.8 178.3
20187383 .26684228 .21918839 .22365817
2.9232422 1,9812514 4.4959918
3,8575578 4.4769886 1.3114482
35815444 30462540 77423126 47833703

.25754388

Comments

From emissions calculations
(#1/35.314) 588

From metals analysis
§2+}3/1000200

§4/453.8

From emissions calculations
(§6/35.314) 480

From metals analysis
§1+48/1020008

§9/453.8

From eaissions calcylations
{§31/35.314) 480

From metals analysis
$12+§13/1000020

f14/453.8

Froa esissions calculations
(§16/35.314) 488

From metals anaiysis
174418/ 1200008

$19/453.6

Froa eaissions calculations
($21/35.314) 288

Froa metais analysis
§22¢§223/1000608

§24/453.6

From Sheet 1
From analysis
§26+§27/ 1200009

(P2-§22+412) % (J13)  (1/ (1600800+453.8) )

Froa Sheet 1, average
From analysis
§38¢§31/ 1080000

From Shest 1, average
From analysis
133¢}34/10800062

§29+§32-§36
§28-§38
f38/428
STDS



ESP )
39. ESP inlet metal emissions

4@. ESP ocutiet metal emissions

41. ESP hopper particulate
42. Metal in ESP part.
43, Metal in ESP part.

44, Total metal out
45. Meta!l in - Metal out
48. Metal out/wetal in

Boiler and ESP

47. Metal to furnace

47a.Metal exiting to SNRB systea
47b Metal entering from SNRB systen
48, Total wetal out (except }47a)
49. Metal in - Metal out

58. Metal out/metal in

SNRB system
51. SNRB systea inlet metal

52. Ca(0H)2 injection
53. Metal in Ca(0H)2
54. Metal in Ca(0H)2

B5. Baghouse discharge
58. Metal in baghouss discharge
57. Metal in baghouse discharge

58. SNRB system outlet emissions

59. Total metal in

88. Total metal out

B1. Metal in - Metal out
62. Metal out/matal in

Ib/hr
Ib/hr

ib/hr

ug/g
Ib/hr

ib/hr
Ibfhr

Ib/he
Ib/hr
Ibfhr
Ib/hr
Ib/hr

Ibfhr
Ib/hr
ug/g

Ib/hr
Ib/he
ugfg

Ibfhr
ibshr
ib/hr

Ib/hr
{o/hr

1,1763388 .95375884 3.7655518
@ 20477565 )
11629.249 11529.249 11529.249
232.5 244.8 247.2
2.6805505 2.8208544 2.8590305
2.8806586 2.8248301 2.85008385
-1.504214 -1.871871 .91552114
2.2787274 2.9617886 75688932
5.8808 6.43824 5.80784
.§2616928 .@2175683 .@a888521
g .9dae1183 f

3.5274580 3.8323227 3.5804707
2.1271847 2.5841727 2.1376831

1.9652157
.80159188

2.7835451

.B188837F
B1766014

84580037

.$0812547

.B8T1993
.Bgeouass

(32-§22+§12) % ($13) ¢ (1/ (100008G+45
je

From Sheet 1, average
From analysis
§23+§25/1000008

§48+§43
§39-§44
$44/139

§28

#51

§58

§32+35+ 43+ J49
§4T+}4Tb-§48-§472
(}48+447a) ] (J47+47b)
STDS

15

From process data
From analysis
§52+453/ 1880000

From Shaet 1, average
From analysis
§55+§56/1000008

§25

J51-454
§57+458
§59-§68
§66/§59

Barium Emission Factora
83. Coal firing rate
84. Coa! heating vaive
85. Firing rate

Boiler enissions
66. Metal emissions
87. Metal emissions

ESP emissions
68. Metal emissions
89. Metal smissions

SNRB eaissions
78. Metal emissions
71. Metal emiasions

Removal Efficiencies
72. ESP
73. SNRB

Ib/he
Btuflh
18+8 Btuh

Ib/hr
Ib/18+8 Bty

{b/hr
Ib/18+8 Bty

Ib/hr
Ib/18+8 Btu

percent
percent

.82554839 .59862154 .63188877
.#2815928 82175663 98888621
450 441 458

14.1 11.8 16.1
.088345 .9@511558 .£869158
843 843 843

8.1 9.8 8.2
.B068283 . @QTHBT 6289126
# 88001183 ]
03250428 .92887123 .09580201
.0068283 60759803 .0089126
LB2587598 .91927320 .08BRA%41
.21987388 .2827569% .B7215588
126249 126248 128240
12621 12821 12821
1533.2758 1593.2758 1593,2750
1.1763386 .95375884 3.7655516
.00a73831 .22859662 .88238340
& .B9477665 8

0 .eddggsee g

& .popa11e3 ]

§ 90000038 e

109 99.499282 lod

106 99.649328 1e@

.09123344
.09898108

.geagg1ee
90288172

.0082901%
.54900418

From Sheet 1
From Sheet 1, average
§53+§64

(§2-122+$12) % (§13)# {1/ (1600088+453
§88/465

16
§68/465

$25
(#79/4885) s ((11-421-§11) /411)

(§67-§69) 0108/ §87
(#51-458)+162/§51



Metals Calculations: Cebalt

Test
Date

Matal flue gas loadings

ESP Inlet (Location 1F)
. Gas flow rate, dry
Cas fiow rate, dry
Mstal loading
Metal emissions
Metal emissions

m;-mra-—-

ESP OQutlet (Location 12)
6. Gas flow rate, dry
7. Gas flow rate, dry
8. Metal loading
9. Metal emissions
19, Metal emissions

SNRB Inlet (Location 2)
11. Gas flow rate, dry
12. Gas flow rate, dry
13. Metal loading

14. Metal emissions

15. Metal emissions

SNRB Baghouse Inlet {Location 5)

18. Gas flow rate, dry
17. Gas flow rate, dry
18. Metal loading

19. Meta) emissions
26. Metal emissions

SBRB Qutiet (Location 7)
21. Gas flow rate, dry
22. Gas fiow rate, dry
23. Metal loading

24, Wetal emissions

25. Metal emissions

dscf/ain
dscafh
ug/dsca

dscf/min
dscafh
ug/dsca

g/hr
Y

dscf/uin
dsca/h
ug/fdsca

dsctf/ain
dsea/h
ug/dsca
g/hr
Ib/hr

dscf/min
dsce/h
ug/dscm

M-1 M-2 M-3
4127193 4/29/93  4/38/93

341248.3 248208.5 341152.2
579792.989 588223.98 579632.21

22.67 96.68 a1.82
13.143887 58.669408 47.425508
J2807682 (12537347 18455359

374433.2 373892.3 375388
£36178.086 635259.85 637880.98

.08 .08 .89

2 ] ]

] ] L

7544 .8 7852.4  8904.2
12818.939 13341.564 13539 479
128.58 44 .54 383,28

1.8226213 59423327 4.1244500
88357721 00131004 .60%09272

8199.9 8869.86  9868.9
13931.982 15889.831 16787.684
n.a 267.20 113.33

1.8765242 4.9268588 1.9882817
08237329 06887711 .80418833

Comnents

From emissions calculations
(§1/35.314)+80

From metals analysis

§2+43/ 1086008

§4/453.